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I.  On  Chemical  Xotation.  By  M.  M.  Pattison  Muir, 
F.R.S.E.,  Assistant  Lecturer  on  Chemistry^  the  Owens 
College,  Manchester* . 

1.  TN  examining  a  chemical  action  •we  may  pay  attention  to 
-JL  (1)  the  substances  which  take  part  in,  and  the  final 
products  of,  the  action,  or  (2)  to  the  force  which  is  concerned 
in  doing  the  work.  Thus  the  action  of  sulphuric  acid  upon 
zinc  is  commonly  represented  by  the  equation 

'  Zn  +  H2S04  =  ZnS0,  +  Ho, 
which  tells  us  that  a  given  weight  of  zinc  acts  upon,  or  is 
acted  upon  by,  a  given  weight  of  sulphuric  acid,  A^-ith  the 
production  of  certain  fixed  weights  of  zinc  sulphate  and  of 
hydrogen ;  and  further,  the  equation  implies  that  a  certain 
amount  of  force  is  expended  in  the  action.  So  again  the 
equation 

2H2  0  =  2Ho  +  Oo 
not  only  states,  in  s^^nbolic  language,  the  fact  that  36  parts 
bv  weight  of  water  yield  4  parts  by  weight  of  hydrogen,  and 
32  parts  by  weight  of  oxygen,  but  it  also  implies  the  further 
fact  that,  in  order  to  obtain  the  quantities  of  hydrogen  and  of 
oxygen  from  water,  a  certain  amount  of  energy  must  be 
altered  in  form.  The  latter  fact  is  not,  it  is  true,  stated  in 
our  ordinary  chemical  equations  in  the  same  prominent  manner 
as  the  former ;  still  it  is,  I  think,  unmistakably  implied. 

2.  These  two  methods  of  regarding  a  chemical  equation  are 
not  without  close  relationships  to  each  other.     In  a  paper 

*  Communicated  by  the  Author. 
Phil  Mag.  S.  5.  Vol.  2.  No.  8.  July  1876.  B 


2  Mr.  M.  M.  P.  Muir  on  Chemical  Notation. 

pal)li.sli(Hl  in  tliis  Mafraziiio  by  Dr.  E.  J.  Mills,  it  is  said  that 
cliL'inical  sui)stanccs  arc  valued  not  for  what  they  are  con- 
ceived as  hein<T,  hut  as  doinf( — that  the  most  important  ques- 
tion with  regard  to  a  chemical  substance  is,  how  does  it 
behave  with  this  or  that  reagent?  It  appears  to  me  that 
what  a  chemical  substance  does  depends  very  much  upon 
what  it  is,  and  that,  although  we  are  obliged  to  study  these 
questions  to  a  certain  extent  apart,  we  shall  some  day  be  able 
to  express  by  one  and  the  same  formula  the  constitution  and 
the  various  modes  of  action  of  all  known  chemical  bodies. 

3.  In  the  following  paper  I  shall  endeavour  to  point  out 
what  appear  to  me  to  be  some  of  the  reasons  for  maintaining 
our  ordinary  formula;,  but  at  the  same  time,  for  supplement- 
ing them  by  investigations  into,  and  symbolic  representations 
of,  the  dynamical  laws  governing  chemical  transformations. 

4.  In  the  first  place,  all  questions  as  to  work  done  by 
different  chemical  substances  imply  the  existence  of  these  sub- 
stances :  change  in  the  form  of  energy  implies  the  existence 
of  energy;  but  the  existence  of  energy  implies,  to  our  minds 
at  any  rate,  a  something  which  is  the  seat  or  vehicle  of 
energy.  This  something  is  matter.  Matter  has  been  defined 
by  two  eminent  naturalists  as  "  that  which  is  essential  to  the 
existence  of  the  kno^^^l  forms  of  energy,  without  which  there- 
fore there  could  be  no  transformations  of  energy."  The 
physical  universe  is  often  compared  to  a  machine,  the  laws  of 
the  working  of  which  are  the  laws  of  energy ;  but  an  investi- 
gation into  these  laws  surely  does  not  preclude,  but  rather 
prompts  to  an  investigation  into  the  structure  of  the  machine 
itself.  It  may  be  urged  that  what  we  call  matter  has  no 
existence  outside  of  the  mind  of  the  observer ;  this  objection, 
however,  has  been  often  refuted*. 

5.  One  of  the  most  well-founded  generalizations  concerning 
matter  is  to  the  effect  that  no  particle  of  it  can  be  destroj-ed, 
nor  be  produced  by  us.  The  mass  of  matter  cannot  be 
changed  by  us :  its  form  may  be  changed,  the  forms  of  its 
energy  may  be  altered ;  but  its  quantity  remains  the  same.     If 

*  'Unseen  Universe,'  1st  edit.  p.  71.  ''Some  extreme  thinkers  write 
as  if  they  would  persuade  us  that  a  species  of  hallucination  affects  with 
similar  impressions  every  individual  mind,  so  that,  for  instance,  one  man 
maj-  usefully  warn  another  about  a  pitfall  on  a  dark  road,  and  so  save 
hiui  from  a  catastrophe  which  might  otherwise  be  caused  by  something 
which  exists,  if  at  all,  in  the  mentor's  mind  only, — at  all  events  not  as 
yet  in  that  of  his  pupil ;  though  if  the  warning  be  unheeded,  or  not 
given,  there  will  presently  be  anotlier  mind  in  which  the  pitfall  will 
certainly  exist  with  startling  vividness.  But  this  is  altogether  repugnant 
to  every  conviction  which  experience  (om*  only  guide  in  such  matters) 
enaljles  us  to  form,  &c." 
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this  be  so,  surely  it  becomos  of  vital  importance  to  every 
naturalist — and  in  the  term  naturalist  we  include  the  chemist 
— to  have  a  symbolical  language  which  shall  express  the 
weights  of  matter  taking  part  in,  or  resulting  from,  any 
action  between  what  we  call  different  kinds  of  matter. 

Now  whatever  theory  we  may  hold  concerning  the  consti- 
tution of  matter,  it  can  scarcely  be  denied  that  our  ordinary 
forrauliB  do  tell  us  the  weights  of  those  kinds  of  matter  which 
take  part  in  a  given  chemical  reaction,  or  of  those  which 
result  from  that  reaction.  To  the  principle  of  the  conserva- 
tion of  matter  the  writer  already  quoted  appears  to  object. 
He  would  seemingly  refuse  his  assent  unless  some  one  could 
experimentally  prove  to  him  that  a  given  chemical  compound 
has  the  same  composition  now  that  it  had  a  hundred  years 
ago. 

Surely  such  a  statement  as  this  implies  ignorance  of  the 
meanings  of  a  scientific  generalization.  Elsewhere  Dr.  IMills 
speaks  of  the  ideal  reformer  as  one  who  "  must  have  an  infinite 
capability  of  doubting."  Is  the  infinity  of  this  capability  to 
cause  the  ideal  reformer  to  doubt  every  generalization  Avhich 
rests  upon  well  known  and  most  thoroughly  trustworthy  facts, 
because  the  special  proof  which  he  demands  cannot,  and  that 
from  the  very  nature  of  the  case,  be  forthcoming  ? 

6.  A  chemical  equation  expresses  the  weights  of  the  dif- 
ferent kinds  of  matter  taking  part  in  the  reaction  formulated; 
it  therefore  implies  a  dissimilarity  of  some  sort  between  the 
kinds  of  matter.  The  equation  2H2  +  02  =  2H2  0  implies  that 
the  kind  of  matter  represented  by  the  symbol  2H2  is  different 
in  its  essential  properties  from  that  represented  by  either  of 
the  symbols  O2  or  2H2  0, — and,  further,  that  the  kind  of 
matter  indicated  by  the  last-mentioned  symbol  is  in  some  way 
composed  of  the  two  other  kinds  of  matter.  To  such  an 
expression  it  has  been  objected  that  we  do  not  know  that  the 
substance  represented  by  the  symbol  2H2  O  is  conijyosed  of  the 
two  substances  2H2  and  O2,  that  we  have  reasons  for  be- 
lieving that  each  of  these  three  substances  is  equally  homo- 
geneous. Now  it  appears  to  me  that  we  may  use  such  a 
chemical  equation  without  committing  ourselves  to  any  theory 
as  to  the  manner  in  which  the  hydrogen  and  oxygen  unite 
together  to  form  water..  When  we  say  in  chemical  short- 
hand, 4  parts  by  weight  of  hydrogen,  under  certain  con- 
ditions, so  react  with  32  parts  by  Aveight  of  oxygen  as  to 
produce  36  parts  by  weight  of  water,  we  state  a  fact.  Here 
are  three  substances  which  exhibit  to  our  senses  different 
phenomena ;  with  each  of  these  substances  certain  definite 
phenomena  are  invariably  associated  ;  and  we  find  that,  under 
'      B  2 
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fixod  conditions,  from  a  mixture  of  certain  weiglits  of  the  two 
former  a  weio;ht  of  the  third  equal  to  the  sum  of  these  two 
weiglits  is  invariably  produced.  In  such  a  statement  nothing 
is  said  of  the  homogeneity  or  non-homogeneity  of  the  three 
substances :  whatever  views  may  be  held  on  this  sulyect,  the 
fact  of  the  production  of  the  third  subsfance  by  the  mutual 
action  of  the  other  two  is  undeniable  ;  and  this  fact  is  sym- 
bolically expressed  in  the  equation  we  have  been  considering. 
Of  course  chemists  are  generally  in  the  habit  of  conceiving 
that  water  is  made  up  of  oxygen  and  liydrogen,  that  these 
substances  exist  in  some  way  in  the  new  suljstance  formed  by 
their  action  upon  one  another;  and  the  equation  will  bear  this 
meaning.  On  the  other  hand,  it  is  at  least  possible,  in  the 
light  of  Mr.  Lockyer's  recent  spectral  researches,  to  imagine 
that  hydrogen  and  oxygen  may  themselves  be  split  up  into 
simpler  substances  (just  as  water  is  split  up  into  hydrogen 
and  oxygen);  but  if  this  be  the  case  the  equation  may  remain 
unaltered :  it  expresses  a  truth,  although  prol)ably  not  the 
whole  truth.  But  we  believe  that  chemical  equations  tell  us 
much  more  about  the  composition  of  substances  than  the  mere 
fact  that  certain  weights  of  two  bodies  produce  a  certain 
weight  of  a  third ;  this  part  of  the  subject,  however,  I  shall 
defer  to  a  later  portion  of  the  paper. 

7.  If  we  are  to  regard  chemical  substances  chiefly  in  the 
light  of  what  they  do,  it  may,  apparently,  be  urged  that  our 
ordinary  formulas  are  of  little  use  to  us — that,  inasmuch  as 
these  formula?  are  based  upon  statical  ideas,  they  are  useless, 
or  all  but  useless,  when  we  come  to  deal  with  questions  of 
kinetics. 

If  we  investigate  chemical  formula?,  especially  in  their  more 
recent  outcome.  I  think  we  shall  see  that  this  is  a  mistaken 
idea. 

8.  Some  chemists  have  affected  to  sneer  at  the  "  pictures," 
as  they  call  them,  which  '•  deface "  the  pages  of  so  many 
modem  treatises.  If  they  have  convinced  themselves  that 
"  Ignorance  is  bliss,"  then  they  are  right  in  the  conclusion 
"  'Tis  folly  to  be  wise."  That  the  use  of  structural  or  dis- 
sected formula}  may  be  c<arried  to  a  pitch  ■which  does  become 
ridiculous — especially  in  the  case  of  compounds  about  which 
we  know  little  or  nothing,  but  whose  graphic  formulae  are,  it 
would  appear  for  that  reason,  to  be  continually  sketched — can 
scarcely  be  denied.  But  why  do  chemists  make  use  of  such 
fornmla}  at  all  ?  is  it  not  because  they  wish  to  express  in  the 
shortest  possible  manner  the  greatest  amount  of  information 
about  the  actions  of  the  substances  formulated  ?  Instead  of 
putting  down  in  words  what  this  body  will  do  under  certain 
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circumstances,  how  this  body  will  react  with  other  bodies, 
chemists  seek  to  compress  all  they  know  of  the  doings  of  the 
substance  into  that  shorthand  expression  by  which  they  dis- 
tinguish it  from  all  other  bodies.  To  say  that  structural 
formulae  do  not  tell  us  much  about  the  actual,  and  even  the 
possible,  actions  of  the  substances  formulated  is  simply  to 
confess  to  ignorance  of  what  these  formulse  exhibit. 

9.  For  proof  of  this  statement  I  might  refer  to  many 
researches ;  let  one  suffice. 

In  a  remarkable  paper  published  in  this  Magazine*,  Dr. 
C.  R.  A.  Wright  examined  the  relations  between  affinity  and 
dissected  or  structural  formulae  in  the  case  of  certain  groups 
of  compounds  ;  and  he  showed  that  the  dissected  formula  of  a 
chemical  compound  may  give  us  much  information,  not  only 
with  regard  to  the  method  of  formation,  and  decomposition 
under  the  influence  of  various  reagents,  of  that  compound,  but 
also  with  regard  to  the  transformations  of  energy  which  take 
place  during  these  actions.  Thus,  to  take  an  example,  it  is 
shown  that  when  an  operation,  "  symbolically  represented  by 
the  substitution  of  the  group  of  symbols  CH3  for  the  s^inbol 
H  in  some  constituent  hydrocarbonous  radical  (CH3,  CH2,  or 
CH)  in  the  dissected  formula  of  the  original  substance,"  is 
performed  upon  a  given  vapour,  then  "  heat  is  evolved  during 
the  performance  of  the  operation,"  and  the  new  and  more 
dense  vapour  produced  has  a  higher  "  affinity-value  "  than  the 
original  vapour.  Here  we  have  a  most  important  generaliza- 
tion with  regard  to  homologous  series  of  compounds  :  as  the 
series  is  ascended  the  " affinity- value  "  increases;  and  these 
differences  of  affinity-values  are  "  correlative  with  the  differ- 
ences between  .  .  .  dissected  formulge  indicating  substances 
chemically  related  together." 

On  the  other  hand.  Dr.  Wright  shows  that  substitution  of 
the  group  CH3  for  H  in  the  OH  group  in  the  dissected 
formula  of  a  vapour  is  attended  with  absorption  of  heat,  and 
therefore  with  decrease  in  affinity-value  :  thus  the  conversion 
of  an  acid  into  its  methylic  ether  is  attended  with  absorption 
of  heat. 

10.  It  may  be  urged  that  our  formulge  do  not  express  such 
relationships  as  those  between  transformations  of  energy  and 
chemical  action.  At  present  they  do  not ;  but  it  would  require 
onh^  the  addition  of  a  symbolic  expression  of  some  kind,  not 
the  discarding  of  the  formulae  and  the  invention  of  entirely 
new  expressions,  to  enable  us  to  express  such  relationships. 
Dr.  Wright's  researches  show  (and  this  is  the  main  point  to 
be  insisted  upon)  that  there  is  a  connexion  between  the  com- 

*  ©6061111)61  1874. 
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iiionly  employed  dissected  or  structural  fonnuhe  and  changes 
in  the  energy  of  the  suhstances  formulated.  This  conclusion 
might  almost  have  been  arrived  at  by  a  study  of  structural 
formula}  themselves.     Such  formuhii  as 

CH„  CHaCCHs),  CHaCC^H,),  CHgCC^H;),  CHaCC.H^) 
tell  us  that  two  volumes  of  each  hydrocarbon  vapour  may  be 
prepared  from  tAvo  volumes  of  the  vapour  of  the  hydrocarbon 
immediately  jireceding  it  by  an  o])eration  symbolically  repre- 
sented by  the  replacement  of  H  by  a  radical  having  the 
general  ibrnuila  C„H2„+i.  Now  there  must  be  some  change 
in  the  energy  of  these  hydrocarbons  before  and  after  the  per- 
formance of  such  operations ;  and  inasmuch  as  we  can  ascend 
the  series  by  a  reiietition  of  the  same  operation,  we  should 
expect  that  the  change  in  energy,  whatever  it  may  be,  would 
be  regular,  and  would  be  related  in  some  way  to  the  regular 
change  in  chemical  constitution. 

11.  Not  only  do  the  formuljB  of  compounds  indicate  the 
actions  by  which  these  substances  are  produced,  and  by  which 
they  may  be  transformed  into  other  substances,  but  with  the 
formulas  of  the  elementary  bodies  there  is  likewise  associated 
information  of  a  similar  nature. 

MendelejefF*  has  pointed  out  that  if  the  symbols  of  the 
elements  be  arranged  in  the  order  of  their  combining  weights, 
beginning  with  the  smallest,  the  elements  may  be  divided  into 
groups  and  series,  the  members  of  which  are  characterized  by 
a  gradation  of  properties,  which  gradation  is  closely  related  to 
the  increase  of  the  combining  number.  Each  group  possesses 
many  properties  in  common,  among  these  the  power  of 
forming  oxides  and  other  salts  of  similar  type  being  very 
marked.  We  have  here,  then,  a  possible  arrangement  of  che-  • 
mical  symbols  such  that,  from  its  position  in  a  regular  series, 
each  symbol  shall  tell  us  a  great  deal  concerning  the  power  of 
doing  of  the  element  which  it  symbolizes. 

12.  It  appears  to  me,  therefore,  that  our  chemical  formula} 
do  tell  us  very  much  about  the  actions  of  the  substances 
formulated,  about  their  methods  of  formation  and  of  decom- 
position, and  that  as  advances  are  made  in  a  knowledge  of  the 
changes  of  energy,  which  are  undoubtedly  correlated  with 
changes  in  chemical  constitution,  these  formula;  may  be  so 
modiiied  as  to  exjjress  such  knowledge.  At  present  we  know 
so  little  of  chemical  kinetics  that  it  would  be  altogether  pre- 
mature to  propose  any  method  for  giving  symbolic  expression 
to  the  few  facts  which  have  been  brought  to  light. 

13.  In  the  symbolic  expressions  of  chemical  actions  such 

*  Aim.  CJum.  Pharm.  Siippl.  vol.  viii.  p.  133. 
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statements  occur  as  these  : — 

K.  +2HoSO,  =  2KHSO,  +  H2     .     .     .  (1) 

Ca2+2H2S04=2CaS04  +  2H2     ...  (2) 

Na2  +  2HC1      =2NaCl  +  H2     ....  (3) 

Mg  +  2HC1      =MgCl2  +  H2 (4) 

By  comparing  equations  (1)  and  (2),  it  is  evident  that  the 
quantity  of  potassium  expressed  by  the  symbol  K  has  replaced, 
in  sulphuric  acid,  a  quantity  of  hydrogen  represented  by  the 
symbol  H,  while  twice  this  quantity  of  hydrogen  has  been 
replaced  by  the  symbol  Ca.  The  conclusion,  therefore,  to  be 
deduced  from  these  equations  is,  that,  so  far  as  the  power  of 
replacing  hydrogen  in  sulphuric  acid  is  concerned,  the  s^inbol 
Ca  is  equivalent  to  the  s^Tiibol  K  taken  twice.  Similarly 
from  a  comparison  of  (3)  and  (4)  it  may  be  concluded  that 
Mg  is  equivalent,  in  hydrogen-replacing  power,  to  2xSa. 
From  a  consideration  of  such  equations  as  these  the  idea  of 
valency  takes  its  origin.  This  idea  has  been  largely  developed ; 
and  chemists  have  been  able  to  fix  the  valency  of  a  large  number 
of  radicles,  whether  simple  or  compound.  The  valency  of  a 
chemical  substance  expresses  a  certain  function  which  that 
substance  is  capable  of  performing ;  it  tells  us  that  the  sub- 
stance under  consideration  is  capable  of  doing  a  certain 
amount  of  work ;  but  inasmuch  as  the  circmnstances  under 
which  this  work  is  done  vary,  the  valency  also  will  vary  with 
the  circumstances.  Xevertheless  we  iiud  that  for  each  ele- 
mentary radicle  there  is  a  fixed  maximum  valency ;  -s^'e  have 
therefore  a  most  useful  means  of  classifTt-ing  these  radicles 
according  to  their  power  of  doing  a  certain  work.  It  is  true 
that  the  unit  of  work  done  is  not  very  strictly  defined ;  it  is 
only  the  unit  weight  of  hydrogen  displaced,  or  combined  with. 
Yet  this  classification  is  in  practice  found  to  be  most  useful. 
Given  the  valency  of  a  metaUic  radicle,  and  the  basicity-  of  an 
acid  upon  which  that  radicle  exercises  an  action,  it  is  possible 
to  foretell  what  the  composition  of  the  resultant  of  that  action 
will  be.  Hence  those  quantities  of  two  or  more  radicles 
which  are  able  to  replace  the  same  quantity  of  hydrogen  may 
be  truly  said  to  be  '•'  equivalent"  quantities. 

14.  Dr.  MiUs  (Joe.  cit.)  objects  to  this  use  of  the  word  equi- 
valent, and  avers  that  "  we  might  as  well  say  that  the  values 
of  the  loads  in  a  railway  truck  are  always  equivalent,  whether 
the  load  consists  of  air,  of  hay,  or  bullion."  They  are  equi- 
valent in  one  respect,  viz.  in  that  they  have  displaced  equal 
volmnes  of  air.  We  have  nothing  to  do  with  the  general 
value  of  a  radicle  when  we  speak  of  its  valency  in  the  com- 
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nioiily  accepted  meanino;  of  the  phrase.  That  amount  of  a 
given  radicle  which  will  displace  unit  weight  of  hydrogen 
from  an  acid  may  not  be  that  amount  which  will  do  some 
other  kind  of  work,  just  as  that  amount  of  hay  which  will 
displace  1  cubic  foot  of  air  in  the  railway  truck  is  720/  that 
amount  wliich  will  do  the  work  of  an  equal  volume  of  l)ullion 
in  so  far  as  exchange  is  concerned,  although  it  does  accomplish 
the  same  amount  of  work  when  we  define  the  unit  of  work  as 
"  replacing  1  cubic  foot  of  air."  Dr.  Mills  has  introduced  an 
unfortunate  word  by  using  the  term  value. 

15.  If  we  for  a  moment  agree  to  view  this  matter  of  valency 
in  the  light  of  the  molecular  theory  of  matter,  and  of  some 
recent  researches  of  Michaelis  and  other  chemists,  the  ex- 
planation given  of  the  relation  between  valency  and  general 
chemical  '*  value  "  would  be  something  as  follows.  AVe  may 
imagine  the  molecule  of  a  chemical  element  performing  a 
ceitain  vibration  in  a  definite  period  of  time ;  during  the 
performance  of  this  vibration  there  are  certain  positions  at- 
tained by  the  molecule,  at  each  of  which  it  is  so  situated  as  to 
be  capable  of  exercising  chemical  action  upon  other  molecules. 
The  number  of  these  positions  is  the  valency  of  the  molecule. 
But  we  can  suppose  that  the  total  force  exercised  is  not 
uniformly  distributed,  so  that  an  unequal  amount  is  capable  of 
being  exercised  at  each  position;  hence  the  valency  may  vary 
according  to  the  reactions  in  which  the  molecule  takes  part. 
Again,  it  is  clear  that  the  total  force  exercised  will  not  neces- 
sarily bear  a  simple  relation  to  the  number  of  positions  in 
which  the  molecule  may  be  capable  of  exercising  this  force ; 
hence  the  general  affinity  (or  chemical  "  value  ")  of  a  mole- 
cule may  be  small,  while  its  valency  is  large,  or  rice  versa. 

IG.  Altogether,  then,  I  think  we  have  in  valency  a  most 
useful  means  of  classification,  and  that  we  are  fully  entitled  to 
use  the  term  "  equivalent "  in  the  acceptation  generally  as- 
signed to  it  by  chemists.  This,  however,  does  not  prevent  us 
from  admiring  Dr.  Mills's  proposal  to  determine  the  power  of 
doing  work,  in  terms  of  a  fixed  unit,  of  classes  of  chemical 
substances.  Undoubtedly  such  investigations  would  be  highly 
interesting,  and  would  lead  to  most  important  results ;  but 
why  we  need  do  away  with  the  advantiiges  gained  in  order  to 

giin  further  advantages  I,  for  one,  am  at  a  loss  to  determine, 
r.  Mills  has  himself  made  some  very  careful  and  elegant 
experiments,  by  which  he  has  determined  the  "  dynamic 
equivalent "  of  various  nitrates  in  terms  of  a  fixed  unit.  It 
would  be  well  that  these  researches  should  be  extended. 

But  when  we  are  in  the  possession  of  a  large  amount  of 
such  information  as  this,  surely  it  will  not  be  necessary  to 
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devise  an  entirely  new  system  of  notation,  but  only  to  modify 
the  existing  system  so  as  to  include  the  new  knowledge. 
Our  present  notation  is  founded  on  facts ;  it  does  not  neces- 
sarily involve  any  theory,  only  a  generalization,  as  Dr.  Wright 
has  well  pointed  out ;  hence  it  is  not  to  be  thrown  aside 
because  at  some  future  time  it  may  not  adequately  express  all 
our  knowledge.  Let  us  wait  till  that  knowledge  is  gained, 
and  then  try  to  so  modify  our  notation  as  to  symbolize  the 
knowledge. 

But  if  we  should  not  find  it  possible  to  do  this,  and  it 
becomes  necessary  to  have  a  new  system  of  notation,  it  will 
be  still  a  system  which  has  been  developed  from,  not  a  system 
which  has  overthrown,  the  old. 

17.  I  have  so  far  endeavoured  to  put  forward  reasons  for 
believing  that  our  existing  system  of  notation  symbolizes,  to 
a  certain  extent,  both  the  substances  which  take  part  in,  and 
the  final  products  of  a  chemical  action,  and  also  some  of  the 
relations  existing  between  these  substances  and  the  changes 
of  energy  which  accompany  the  action.  In  so  far  as  the 
latter  changes  are  concerned,  it  must,  however,  be  confessed 
that  our  ignorance  is  great,  and  that  when  more  knowledge  is 
gained  it  will  be  necessary  for  us  to  modify  our  notation  so  as 
to  express  this  knowledge  symbolically. 

I  have  sought  to  show  that  our  equations  represent  the 
initial  and  final  distributions  of  matter  during  a  reaction 
S}Tnbolized,  that  they  imply  changes  of  energy,  that  in  the 
case  of  dissected  or  structural  formulae  we  can  trace  a  close 
connexion  between  such  changes  of  energy  and  the  formulas, 
and  that  in  valency  we  have  at  any  rate  the  rudiments  of  a 
method  by  which  the  power  of  doing  work  of  dilFerent  sub- 
stances may  be  compared. 

18.  On  looking  at  such  an  equation  as 

Zn  +  H2  804=ZnS04  +  H2, 

one  might  imagine  that  the  weight  of  zinc  sulphate  expressed 
by  the  symbols  ZnS04  would  be  at  once  produced  on  the  addi- 
tion of  that  quantity  of  sulphuric  acid  represented  by  Hg  SO4  to 
Zn  parts  by  weight  of  zinc,  and  that,  Avere  a  somewhat  larger 
quantity  of  acid  to  be  added  to  the  same  quantity  of  zinc,  the 
action  would  not  be  modified.  The  equation  appears  to  convey 
this  meaning ;  but  the  meaning  is  erroneous.  Chemical  action 
involves  greater  or  less  quantities  of  time ;  and  it  is  certainly 
influenced  by  the  total  mass  of  the  acting  substances,  as  also 
by  the  mass  of  the  resultants,  and  by  the  relation  which  these 
bear  at  any  moment  to  the  generating  substances. 

19.  Hitherto  we  have  not  been  able  to  express  such  facts  as 
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these  symbolically.  And  at  present  it  would  be  useless  to 
attenij)t  such  a  task;  we  are  but  on  the  threshold  of  such 
inquiries ;  we  have  been  so  long  (perhaps  too  long)  occupied 
with  gathering  together  facts  concerning  the  substances  pro- 
duced by  chemical  action  that  we  have  had  little  time  to  devote 
to  a  closer  study  of  the  action  itself  in  its  various  {jhases.  Such 
study  \\ill  form  a  part  of  the  chemistry  that  is  to  be,  and  will 
without  doubt  be  rich  in  results  of  the  highest  importance. 
But  granted  that  we  cannot  now  express  the  process  of  a 
chemical  change  in  our  notation,  this  does  not  at  all  prove 
that  the  notation  is  founded  on  a  false  system.  We  know 
that  one  of  the  best-grounded  generalizations  of  science  is 
expressed  by  saying,  that  those  substances  which  we  call 
chemical  elements,  when  they  react  together  so  as  to  form 
compounds  (that  is,  bodies  in  which  the  characteristic  pro- 
perties of  the  reacting  elements  are  merged),  do  so  in  simple 
multiples  of  a  certain  fixed  number, — that  the  composition  of 
the  compounds  may  therefore  be  expressed  by  writing  the 
names  (or  symbols)  of  the  elements,  with  numbers  attached  to 
each  expressive  of  the  multiple  of  the  certain  fixed  number 
which  had  before  been  assigned  to  each  element*. 

This  statement  merely  generalizes  a  vast  number  of  ob- 
served facts.  Unless  we  are  to  take  the  results  of  each  indi- 
vidual experiment  as  expressive  of  the  exact  truth  as  regards 
the  composition  of  the  substance  under  examination,  in  which 
case  a  science  of  chemistry  would  be  impossible,  we  must 
accept  such  a  statement  as  this.  As  our  chemical  notation  is 
founded  on  this  generalization  from  facts  as  one  of  its  main 
supports,  it  follows  that  the  results  of  future  experiments  in 
the  direction  of  tracing  the  exact  steps  of  chemical  action,  and 
of  measuring  the  various  forces  which  there  come  into  play, 
whatever  the  results  may  be,  cannot  overthrow  our  present 
system  of  notation ;  they  may  cause  us  to  modify  it  greatly, 
perhaps  so  greatly  that  one  who  had  been  accustomed  to  the 
old  would  hardly  recognize  the  new  notation  as  in  any  way 
connected  with  it.  Nevertheless  we  may  be  certain  that  the 
process  will  involve  no  breach  of  continuity. 

20.  But  I  must  now  pass  on  to  consider  chemical  notation 
in  the  light  of  that  theory  which  appears  to  me  to  explain  the 
best-known  facts  of  material  science  in  a  more  thorough  and 
satisfactory  manner  than  any  which  has  as  yet  been  proposed: 
I  mean  the  Molecular  Theory  of  Matter. 

21.  And  in  the  first  place  I  would  insist  upon  the  truth  of 
Dr.  Wright's  remark  (Joe.  cit.),  that  neither  this  theory  nor 
the  atomic  theory,  generally  so  called,  is  taken  for  granted  in 

*  See  Wright,  Phil.  Mag.  [IV.]  vol.  xliii.  p.  605. 
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the  formation  of  chemical  equations,  or  in  the  general  methods 
of  chemical  research.  Tlie  meaning  of  the  words  "  atomic 
theory,"  and  the  distinction  between  the  generalization  and 
convention  upon  which  our  chemical  notation  is  really  based, 
and  the  hypothesis  upon  which  it  is  so  often  said  to  be  based, 
are  so  ably  pointed  out  by  Dr.  Wright  in  the  paper  referred 
to*,  and  in  a  previous  paper,  that  I  need  do  no  more  than 
refer  any  one  who  wishes  for  clear  ideas  on  the  subject  to 
those  papers. 

22.  Premising,  then,  that  chemical  notation  does  not  assume 
the  existence  of  "atoms,"  but  admitting  that  if  the  atomic 
hypothesis  were  granted  the  existing  chemical  notation  would 
readily  adapt  itself  to  the  necessities  of  an  atomic  notation,  let 
me  pass  on  to  consider  some  of  the  reasons  which  appear  to 
me  to  favour  the  adoption  of  the  molecular  theory  of  matter. 
"  A  molecule  may  be  defined  as  a  small  mass  of  matter,  the 
parts  of  which  do  not  part  company  during  the  excursions 
which  the  molecule  makes  when  the  body  to  which  it  belongs 
is  hot."  This  quotation  from  Prof.  Clerk  Maxwell's  'Treatise 
on  the  Theory  of  Heat,'  gives  a  clear  definition  of  what  is 
meant  by  the  term  molecule.  The  theory  in  question  sup- 
poses that  any  given  piece  of  matter  consists  of  a  definite 
number  of  molecules,  that  all  the  molecules  of  the  same  sub- 
stance contain  the  same  quantity  of  matter,  that  a  molecule 
may  consist  of  "  several  distinct  portions  of  matter  held  to- 
gether by  chemical  bonds,"  and,  finally,  that  "  the  molecules 
of  all  bodies  are  in  a  state  of  continual  agitation." 

23.  The  molecular  theory  of  matter  is  to  be  distinguished 
from  a  theory  which  would  assert  that  there  is  an  absolute 
limit  to  the  divisibility  of  matter.  What  the  theory  asserts  is, 
to  use  Prof.  Maxwell's  words,  "  that  after  we  have  divided  a 
body  into  a  certain  finite  number  of  constituent  parts  called 
molecules,  then  any  further  division  of  these  molecules  will  de- 
prive them  of  the  properties  which  give  rise  to  the  phenomena 
observed  in  the  substance." 

24.  The  "  Daltonian  atomic  theory  "  cannot  of  course  be 
regarded  as  identical  with  that  which  I  have  just  sketched.  It 
appears  to  me,  however,  that  the  atomic  theory  of  the  chemist 
is  based  upon  and  is  an  outcome  of  the  molecular  theory  of  the 
physicist,  and  that  we  can  only  rightly  understand  the'  former 
when  we  have  gained  a  knowledge  of  the  latter, — in  fact  that 
the  atomic  theory,  so  called,  is  implied  in  the  molecular  theory 
of  matter,  and  stands  or  falls  with  it. 

25.  One  of  the  objections  raised  by  Dr.  Millsf  ao-ainst 

♦  Phil.  Mag.  [R'.]  vol.  xliii.  p.  503. 
t  Laboratory,  18G7,  p.  6. 
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the  atomic  (and  therefore,  it  appears  to  me,  a<^ainst  the 
molecular)  theory  of  matter  is,  that  this  theory  is  not  a 
result  of  inductive  reasoning.  An  objection,  in  principle  the 
same,  is  stated  in  his  paper  already  referred  to  (Phil.  Mag. 
Jan.  187(5),  in  these  words  (he  is  speaking, of  the  examination 
of  natural  ])henomena)  : — ''  Instead  of  demanding  a  theory,  it 
would  be  better  to  ask  how  we  could  dispense  with  one.  It 
is  juster  and  wiser  to  adhere  to  facts  than  attempt  to  transcend 
them." 

In  making  such  statements  as  these,  it  appears  to  me  that 
Dr.  Mills  has  misapprehended  tlie  method  by  which  science 
gains  her  finest  results.  That  method,  I  would  make  bold  to 
say,  is  not  entirely  an  inductive  one ;  it  makes  use  likewise  of 
deductive  reasoning.  Science  begins  with  facts  ;  by  observa- 
tion and  experiments  she  accumulates  facts ;  by  a  })roper  use 
of  imagination  she  frames  hypotheses  to  account  for  the  facts; 
and  by  subsequent  appeal  to  tacts  she  proves  or  disproves  the 
truth  of  her  hypotheses.  Had  science  dealt  with  facts  by 
strictly  inductiAC  methods  only,  she  would  never  have  been 
able  to  rise  to  those  general  expressions  which  we  call  laws. 
H^-potheses  must  be  framed  if  science  is  to  make  any  advances. 
Given  a  large  number  of  facts,  it  might  be  possible,  by  ar- 
ranging these  in  all  possible  combinations,  to  arrive  at  last  at 
a  proper  classification ;  but  this  method  is  utterly  impracti- 
cable, because  of  the  vast  number  of  data  to  be  dealt  with.  It 
may  be  afHrmed  with  a  considerable  amount  of  certainty  that 
every  great  advance  in  science  has  been  made  by  the  use  of 
hypotheses.  Xewton  professed  not  to  deal  Avith  hypotheses  ; 
but  what  is  the  '  Principia '  but  the  record  of  wonderful  dis- 
coveries which  became  possible  only  by  the  greatest  freedom 
in  theorizing?  Kepler  theorized;  Hooke  asserted  that  the 
natural  philosopher  must  be  ready  to  guess  the  solution  of 
many  phenomena ;  Sir  Humphry  Davy  did  not  despise  hy- 
potheses ;  and  who  made  freer  use  of  his  imagination  than 
Faraday? — the  greatest  of  all  experimental  philosophers.  In 
framing  hAi^otheses  we  must  see  that  they  agree  with  facts  ; 
in  other  respects  they  may  be  as  inconceivable  (not  self-con- 
tradictory) as  any  fairy  tale.  The  suppositions  involved  in 
the  theory  of  gra^vitation,  and  in  the  undulatory  theory  of 
light  are  seemingly  sufficiently  absurd ;  in  the  latter  theory 
w^e  are  compelled  to  imagine  the  existence  throughout  space 
of  a  so-called  jether,  possessed  of  the  highest  elasticity,  and  at 
the  same  time  more  solid  than  steel  I  Dr.  Thomas  Young  CAcn 
imagined  (and  it  Avould  appear  that  we  cannot  deny  the  possi- 
bility of  his  imaginings  being  true)  "  that  there  may  be  in- 
dependent worlds  ....  pervading  each  other,  unseen  and  un- 
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known,  in  the  same  space  "  (I  quote  from  Prof.  Jevons's  work 
on  the  Principles  of  Science).  Provided  that  a  theors'  does 
not  go  against  the  primary  laws  of  thought  and  of  Nature,  we 
must  accept  it,  however  absurd  it  may  appear,  if  it  be  in  ac- 
cordance with  facts.  But  in  applpng  the  deductive  method 
of  scientific  reasoning,  we  are  apt  to  forget  that  a  theory,  how- 
ever perfect  and  satisfactory  it  may  appear,  is  to  be  put  to  the 
severest  test ;  it  is  only  by  showing  that  the  known  facts  are 
explained  by  the  theory,  by  foretelling  facts  which  must  be 
facts  if  the  theory  be  true,  and  again  by  showing  that  these 
are  indeed  true,  that  a  scientific  theory  can  pass  successfully 
into  the  number  of  accepted  hypotheses.  Newton's  method  of 
treating  the  theory  of  gravitation,  and  Faraday's  method 
throughout  his  magnificent  series  of  '  Experimental  Re- 
searches,' are  typical  examples  of  the  true  positions  of  Theory 
and  Fact  in  scientific  investigation.  If  it  can  be  shown,  there- 
fore, that  the  molecular  theory  is  not  in  accordance  with 
facts,  or  is  self-contradictory,  it  must  be  discarded ;  but  to  re- 
fuse to  accept  it  because  it  has  not  been  gained  by  purely 
inductive  reasonings  is  simply,  it  appears  to  me,  to  show  an 
ignorance  of  the  true  method  of  scientific  investigation. 

26.  In  examining  the  position  of  the  molecular  theory  of 
matter  as  a  scientific  h\"|3othesis,  I  would  inquire : — Is  it  in 
accord  with  known  facts  ?  does  it  enable  us  to  explain  what 
would  else  appear  to  be  disconnected  phenomena  ?  and  are  we 
able  by  its  aid  to  predict  phenomena  which  are  afterwards 
proved  to  be  true?  In  the  following  statement  concerning 
the  physical  proofs  of  the  molecular  theory,  I  have  drawn 
largely  from  Prof.  Clerk  Maxwell's  '  Treatise  on  Heat.' 

27.  The  molecular  theory  is  in  accord  with  known  facts 
concerning  the  condition  of  hot  bodies. 

A  hot  body  possesses  a  certain  amount  of  energy.  This 
energy  is  capable  of  being  changed  from  potential  into  kinetic 
enerov;  but  such  a  change  involves  motion  of  some  kind. 
When  a  hot  body  loses  heat  by  radiation,  this  radiation  must 
be  effected  either  by  the  motion  of  material  particles  from  the 
hot  body  to  the  body  which  receives  the  heat,  or  by  the  motion 
of  some  medium  which  fills  the  space  between  the  body  giving 
out  and  the  body  receiving  heat ;  hence  the  particles  on  the 
outer  surface  of  a  body  radiating  heat  must  be  in  a  state 
of  motion.  But  hot  bodies  are  continually  radiating  heat ; 
therefore  their  outer  particles  must  be  in  a  state  of  continual 
motion  ;  hence  part,  at  least,  of  the  energy  of  a  hot  body 
exists  in  the  form  of  kinetic  energy.  But  the  motion  of  the 
particles  of  a  hot  body  cannot  be  the  motion  of  the  body 
as  a  whole ;  otherwise  the  motion  would  be  visible  to  us ;  it 
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must  be  tho  motion  of  exceedingly  small  ]iarts :  hence  arises 
the  conception  of  molecules,  i.  e.  of  small  parts  which  remain 
intact  during  tho  movements  which  each  part  makes  when 
the  mass  of  the  body  to  which  it  belongs  is  hot. 

28.  Again,  the  molecular  theory  is  in  accord  with  known  fticts 
concerning  diffusion.  If  two  gases  be  arranged  in  distinct 
strata,  it  is  found  that  in  a  short  time  the  presence  of  that  gas 
which  was  at  first  confined  entirely  to  the  lower  stratum  is 
perceptible  in  the  upi)er  stratum,  and  vice  versa  ;  further,  it  is 
found  that  if  a  stratum  of  gas  be  issuing  through  another  gas 
which  is  at  rest,  the  movement  of  the  former  tends  to  commu- 
nicate itself  to  the  latter,  which,  in  its  turn,  reacts  upon  the 
moving  gas,  tending  to  bring  it  to  rest.  Again,  if  the  upper 
stratum  of  a  gas  be  heated,  it  is  found  that  the  heat  is  commu- 
nicated to  the  lower  stratum.  We  have  here,  then,  three 
kinds  of  diffusion — diffusion  of  matter,  diffusion  of  momentum, 
and  diffusion  of  energy.  As  we  have  learned  to  think  of  small 
parts  of  a  body  in  a  stjite  of  motion,  we  may  extend  the  idea 
to  the  phenomena  of  diffusion,  and  imagine  the  little  parts  of 
the  two  diffusing  gases  becoming  mingled  together  in  the 
diffusion  of  matter;  we  may  imagine  the  particles  of  the 
mo\'ing  stratum  of  gas  passing  upwards  and  downwards  into 
the  surrounding  strata  of  eas  at  rest,  and  hence  having  their 
motion  partly  checked,  while  they  in  turn  communicate  some- 
what of  their  motion  to  the  particles  of  the  surrounding  gas ; 
and  we  may  imagine,  finally,  the  communication  of  heat  from 
one  part  of  a  heated  gas  to  another  by  the  diffusion  of  the 
heated  particles  of  the  gas.  But  the  rates  of  these  diffusions 
are  slower  in  liquids  than  in  gases,  especially  the  rate  of  the 
diffusion  of  matter,  which  is  slowest  of  all  (if,  indeed,  it  takes 
place)  in  solids.  Why  is  this?  Because  these  little  particles 
or  molecules  (their  existence  being  granted)  have  not  in  solids 
the  same  freedom  of  motion  Avhich  they  have  in  liquids,  in 
which,  again,  they  have  less  freedom  of  motion  than  in  gases. 
Although  the  particles  of  solids  are  not  possessed  of  tho  Siime 
freedom  of  motion  as  is  granted  to  those  of  liquids,  yet  we  can 
easily  see  how  there  may  be  a  rapid  dilRision  of  energy  from 
particle  to  particle,  and  hence  can  understand  the  fact  that 
rapid  diffusion  of  heat  through  solids  is  so  often  noticed. 

29.  Again,  the  molecular  theory-  is  in  accord  with  known 
facts  concerning  evaporation  and  condensation. 

If  we  grant  that  a  gas  consists  of  a  number  of  molecules  in 
a  state  of  motion,  we  must  believe  that  these  molecules  will 
from  time  to  time  come  into  collision  ;  hence,  even  if  their 
initial  velocity  be  the  same,  an  inequality  of  velocity  will  be 
produced.     In  a  liquid  the  average  velocity  of  the  molecules 
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must  be  smaller  than  tte  average  velocity  of  the  molecules  in 
a  gas ;  nevertheless  this  does  not  prevent  us  from  belie^"ing 
that  the  velocity  of  individual  liquid  molecules  may  be  greater 
than  that  of  individual  gaseous  molecules.  Supposing  that 
liquid  molecules  of  such  great  velocities  are  moving  at  the 
surface  of  the  liquid /Vo/n  the  liquid,  they  will  tend  to  escape 
from  the  liquid  into  the  surrounihng  vapour.  Supposing  that 
a  gaseous  molecule  of  great  velocitv  strikes  the  surface  of  the 
liquid,  it  will  tend  to  become  entangled  in  the  liquid.  Hence 
we  shall  have  evaporation  of  the  liquid  and  condensation  of 
the  vapour  going  on  continuously. 

30.  So  also  I  might  go  on  to  show  that  many  of  the  facts  of 
spectroscopy  are  in  keeping  with  the  molecular  theory — that 
the  vibration  of  each  molecule  may  well  be  supposed  to  com- 
municate itself  to  the  ether  in  a  regular  manner,  that  an  in- 
crease in  deusitv  of  a  gras  \<W\  cause  the  introduction  of  irre- 
gular  motion  among  the  molecules,  and  hence  the  appearance 
of  a  more  or  less  continuous  spectrum ;  but,  for  a  considera- 
tion of  the  bearings  of  the  molecular  theory  of  matter  upon 
the  explanation  of  spectroscopic  phenomena,  I  must  refer  to  a 
lecture  by  Mr.  J.  Norman  Lockyer,  reported  in  '  Nature,'  vol. 
X.  p.  69.' 

31.  In  those  points  which  I  have  briefly  touched  on,  the 
molecular  theory  is,  it  appears  to  me,  not  only  in  accord  with 
kno\\Ti  facts,  but  it  also  enables  us  to  group  together  and  so  to 
explain  what  had  appeared  to  be  isolated  phenomena.  But 
this  theory  does  more  than  this:  we  can  deduce  from  it  certain 
conclusions  which  may  then  be  proved  true  by  experiments. 
Thus  the  law  of  Boyle,  the  law  of  Charles,  and  the  law  of  Gay- 
Lussac  may  be  deduced  from  a  consideration  of  the  dpiamical 
conditions  which  must  prevail  among  a  group  of  particles  sup- 
posed to  constitute  the  mass  of  a  gas,  the  pressure  and  tempe- 
rature of  Avhich  vary  from  time  to  time. 

32.  It  has  been  possible  to  predict  certain  results  from  a 
consideration  of  phenomena  viewed  in  the  light  of  the  mole- 
cular theory,  which  results  have  afterwards  been  verified. 
Thus  the  rate  at  Avhich  diffusion  of  energy  must  take  place 
through  air  when  one  portion  is  heated  was  predicted  from 
data  derived  from  experiments  on  viscosity.  The  actual  mea- 
surement of  the  diffusion-rate,  made  by  Prof.  Stefan,  of 
Vienna,  has  proved  to  be  in  close  agreement  with  the  pre- 
dicted rate. 

33.  If  we  interpret  chemical  notation  in  the  light  of  the 
molecular  theory,  we  assume  that  the  spnbol  of  each  chemical 
substance  represents  a  molecule  of  that  substance,  and  that 
chemical  equations  represent  the  results  of  the  mutual  actions 
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of  molocules.  Tlie  relative  weights  of  molecules  are  there- 
fore assumed  to  be  represented  by  our  chemicid  symbols.  In 
order  to  deduce  J«uch  Aveiglits  with  accuracy,  we  are  obliged  to 
determine  the  relative  densities  of  the  substances  in  the  form 
of  gas,  and  to  assume  the  truth  of  the  law  of  Gay-Lussac  or 
of  Avogadro.  But  this  law  can  be  deduced  from  the  mole- 
cular theory  of  matter ;  hence,  when  we  speak  of  "  molecular 
weights,"  we  assume  the  truth  of  the  molecular  theory  ;  and  I 
therefore  think  that  it  behoves  us  to  know  what  this  theory 
really  is,  and  on  what  physical  grounds  it  can  be  upheld. 

34.  I  have  already  stated  that  the  ordinary  chemical  nota- 
tion does  not  appear  to  me  to  necessitate  the  assumption  of 
the  existence  of  molecules  ;  but,  granting  that  matter  has  a 
molecular  structure,  this  notation  Avill  readily  lend  itself  to  the 
needs  of  such  a  theory.  Can  we,  however,  with  equal  facility 
explain  the  general  phenomena  of  chemical  action  in  terms  of 
the  molecular  theory  of  matter  ? 

35.  The  definition  of  a  "molecule"  quoted  from  Prof.  Clerk 
Maxwell's  Avork  does  not  prevent  one  from  imagining  an  inner 
structure  for  such  molecules.  We  may  think  of  one  of  these 
little  parts  which  holds  together  while  the  body  to  which  it 
belongs  is  hot  as  made  up  of  a  greater  or  less  numljer  of  still 
smaller  parts,  parts  either  of  the  same  or  of  different  kinds  of 
matter.  In  the  conception  of  such  smaller  parts  Ave  have  the 
idea  of  chemical  atoms.  Now  it  may  legitimately  be  supposed 
that  during  the  excursions  which  molecules  are  ever  making, 
some  of  them  will  be  so  knocked  about  as  to  have  their  atomic 
structure  disarranged  ;  under  ordinary  circumstances  this  dis- 
arrangement will  quickly  be  restored ;  but  if  a  ncAv  force  be 
called  into  play  which  shall  act  by  increasing  the  tendency  to 
molecular  disaggregation,  Ave  shall  have  a  more  or  less  com- 
plete decomposition  of  the  original  molecules,  attended,  of 
course,  Avith  the  production  of  ncAV  molecules.  The  electro- 
lysis of  liquids  maybe  regarded  as  a  directive  action  exercised 
by  electromotive  force  upon  those  molecules  AA-hich  have  un- 
dergone disaggregation  by  clashing  together,  Avhereby  one  com- 
ponent part  of  the  disaggregated  molecule  is  directed  in  one 
direction,  and  another  in  another  direction. 

36.  So  also  the  phenomenon  of  dissociation  meets  Avith  an 
explanation  in  terms  of  the  molecular  theory  by  supposing 
that  at  high  temperatures  the  clashing  of  molecules  is  carrieH 
on  so  violently  that  more  molecules  suffer  decomposition  in  a 
unit  of  time  than  are  able  to  regain  their  original  structure. 
Dissociation  is  then  explained  as  a  "  change  in  the  configura- 
tion and  motion  of  a  material  system." 

37.  If  this  A-iew  of  intramolecular  action  be  adopted,  Ave 
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must  regard  ohemical  action  as  constantly  taking  place.  To 
use  Dr.  Mills's  words  (Phil.  Mag.  Jan."^  187G),  ''  Chemical 
action  can  begin,  hecaiise  it  never  has  ceased." 

38.  Suppose,  however,  that  the  molecules  of  a  given  sub- 
stance (A)  come  into  contact  with  those  of  another  substance, 
(B),and  that  these  substances  are  capable  of  exercising  chemi- 
cal action  upon  each  other,  we  shall  have  an  interchange  of 
"  atoms  "  between  the  molecules  A  and  B  ;  at  any  moment, 
therefore,  we  shall  have  four  kinds  of  molecules  present — A  and 
B,  the  generating  substances,  and  A'  and  B',  the  products.  We 
shall  have  an  exchange  of  atoms  taking  place  between  A  and 
B,  an  exchange  of  atoms  taking  place  between  A'  and  B'  (and 
possibly  an  exchange  of  atoms  taking  place  between  A  and  A', 
and  between  B  andB'&c).  Now  the  final  condition  of  atomic 
distribution  among  the  reacting  molecules  will  depend  chiefly 
upon  the  rate  of  atomic  interchange;  if  more  changes  take  place 
between  the  atoms  constituting  the  molecules  A  aud  B  than 
between  the  atoms  constituting  the  molecules  A'  and  B'  in 
equal  times,  it  is  clear  that  an  increase  in  the  number  of  the 
molecules  A'  and  B'  A^-ill  take  place ;  and  conversely,  if  more 
atomic  changes  take  place  between  A'  and  B'  than  between  A 
and  B  in  equal  times,  the  number  of  A  and  B  molecules  will 
increase ;  in  other  words,  the  decomposition  of  A  and  B  will 
cease.  Again,  if  by  any  means  it  is  possible  to  remove  the 
newly  formed  molecules  A'  and  B'  from  the  sphere  of  action, 
then  the  atomic  interchange  represented  by  the  equation 
A  +  B=A'  +  B'  will  proceed  until  A  and  B  have  entirely 
disappeared,  and  the  sum  of  the  weights  of  A'  and  B'  is  equal 
to  the  original  sum  of  the  weights  of  A  and  B.  Such  an  action 
as  this  very  generally  takes  place  in  ordinary  chemical  reac- 
tions.    For  instance,  the  equation 

BaCl2  +  Xao  S0,  =  2NaCl  +  BaSO, 
represents  the  final  atomic  arrangement  of  the  molecules  taking 
part  in  the  reaction  ;  but  we  must  imagine  that  a  secondary 
reaction,  svmbolized  thus, 

2  NaCl  +  Ba  S04= Nag  SO4  +  BaClj, 
also  takes  place,  but  only  to  a  very  limited  extent,  because  the 
molecule  BaS04  i^  removed  from  the  sphere  of  action  almost 
as  quickly  as  it  is  produced.  It  is  true,  as  has  been  urged, 
that  the  equation  Zn  +  Ha  SO^^Zn  SO4  +  H2  has  never  been 
rigorously  realized  in  practice.  Why?  Because,  before  the 
atomic  interchanges  symbolized  are  completed,  so  many  mole- 
cules having  the  composition  ZnS04  have  been  formed,  and 
have  not  been  removed,  that  the  completion  of  the  change  be- 
comes impossible.  Remove  the  products  of  the  action,  how- 
PMl.  Mag.  S.  5.  Yol.  2.  Xo.  8.  July  1876.  C 
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ever  (as  is  actually  done  in  general  practice),  and  the  equation 
represents  the  final  atomic  distribution.  Yet,  although  the 
equation  does  not  express  everything  that  occurs  when  zinc 
and  sulphuric  ac'd  are  mixed  together,  it  does  express  the 
great  fact  that  a  deflniti  quantity  of  zinc  ii^  invariably  asso- 
ciated with  definite  quantities  of  sulphur  and  of  oxyg(?n  in  the 
production  of  the  substance  called  sulphate  of  zinc.  (For  a 
further  discussion  of  this  subject,  see  the  address  of  the  Presi- 
dent, Dr.  Williamson,  to  the  British  Association  at  Bradford, 
1873.) 

39.  Further,  such  atomic  interchanges  will  involve  changes 
in  the  form  of  the  energy  of  the  reacting  molecules  :  potential 
will  be  converted  into  kinetic  energy,  or  vice  versa.  Such 
changes  will  be  marked  by  absorption  or  by  evolution  of  heat. 
These  energy-changes  will  certainly  bear  a  close  relation  to 
the  general  character  of  the  products  of  the  reaction.  Thus 
evolution  of  heat  (stoppage  of  molecular  motion  of  some  kind) 
is  accompanied  with  the  production  of  a  substance  whose 
"  affinity- value  "  and  whose  Ijoiling-point  are  higher  than  those 
of  the  generating  substance  (Wright,  Phil.  Mag.  Dec.  1874). 

40.  Now  this  change  in  the  form  of  energy  will  be  depen- 
dent upon  a  change  in  the  relative  position  of  the  parts  of  the 
material  system,  the  energy  of  which  is  changed ;  hence  the 
mere  fact  of  ''heat-disturbances  "  taking  place  in  chemical  re- 
actions is  in  perfect  keeping  with  a  molecular  theory  of  matter. 

41.  But  certain  special  cases  of  heat-disturbance  have  been 
cited  as  being  apparently  inexplicable  in  terms  of  the  mole- 
cular theory.  Thus  Dr.  Wright*  brings  forward  the  fact 
that  there  is  a  change  in  the  form  of  energy  of  the  material 
system  accompanying  the  exchange  of  matter  symbolized,  by 
the  equation  Hg  +  Cl2  =  HCl  +  HCl  as  opposed  to,  or  at  least  as 
being  probably  incapable  of  satisfactory  explanation  by,  the 
molecular  theory.  He  holds  that,  "  granting  that  the  substi- 
tution of  chlorine  for  hydrogen  is  attended  by  a  given  change 
of  motion,  the  inverse  substitution  must  be  accompanied  by  the 
opposite  change."  He  supposes  that  in  the  reaction  under 
notice,  an  atom  of  chlorine  in  the  chlorine  molecule  is  replaced 
by  an  atom  of  hydrogen,  while  pu  atom  of  hydrogen  in  the 
hydrogen  molecule  is  replaced  by  an  atom  of  chlorine,  and 
that  "  those  complementary  changes  should  cause,  on  the 
whole,  no  difference  as  to  the  ultimate  amount  of  motion  in 
the  two  original  and  the  two  resulting  molecules."  It  appears 
to  me  that  Dr.  Wright  has  here  assumed  that  two  equal  and 
opposite  actions,  called  by  him  "  substitution  "  and  "  inverse 
substitution,"  are  taking  place.     It  would,  I  think,  be  more 

*  Phil.  Mag.  [IV.]  vol.  xliii.  p.  511. 
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in  accord  with  the  molecular  theorj  to  suppose  that  there  is 
taking  place  so  rapid  an  atomic  interchange  among  the  mole- 
cules both  of  hvdroorea  and  of  chlorine^  that  when  these  two  sub- 
stances  are  brought  together,  under  suitable  conditions,  it  is  easy 
for  the  momentarily  dissociated  atoms  to  combine  together  so 
as  to  form  the  new  molecules  of  hydrochloric  acid,  and  that 
when  these  are  formed  there  is  not  so  rapid  an  atomic  ex- 
change taking  place  among  them  as  there  is  among  the  mole- 
cules of  the  fjeneratinor  substances.  The  o-eneral  result  of 
such  an  action,  so  far  as  change  of  enerorv  is  concerned,  would 
therefore  be  an  evolution  of  heat.  Indeed  the  fact  that  it  is 
possible  to  completely  carry  out  the  reaction  symbolized  above, 
appears  to  me  to  be  in  perfect  keeping  with  the  fact  of  the 
evolution  of  heat  which  is  noticed  during  the  the  reaction ;  for 
if  the  number  of  atomic  exchanges  between  the  products 
HCl  HCl  were  as  great  as  those  between  the  o;enerating  mole- 
cules  Ho  CI2  in  equal  times,  the  decomposition  would  cease 
before  the  equation  was  completely  realized.  But  the  actual 
result  points  to  the  conclusion  (on  the  assumption  that  the 
molecular  theory  is  true)  that  there  are  less  rapid  intramole- 
cular movements  occurring  in  the  case  of  the  molecules  HCl 
HCl  than  in  the  case  of  the  molecules  H2  CI2 — in  other  words, 
that  some  portion  of  the  initial  molecular  motion  has  disap- 
peared. But  inasmuch  as  the  total  energy  of  the  system  is 
supposed  the  same,  the  energy  which  has  disappeared  in  one 
form  must  have  reappeared  in  another ;  it  has  reappeared  as 
heat. 

42.  Lastly,  as  to  isomerism.  So  called  isomeric  bodies  un- 
dergo different  reactions ;  they  are  produced  by  different 
reactions,  &c. :  these  facts  may  be  expressed  irrespective  of 
any  theory  as  to  their  cause,  by  means  of  structural  or  dissected 
formulae.  It  has  been  supposed  that  isomerism  is  to  be  ex- 
plained by  imagining  that  the  atoms  are  differently  arranged 
in  isomeric  molecules.  Again,  it  has  been  supposed  that 
isomerism  is  to  be  explained  by  granting  that  isomeric  bodies 
are  endowed  with  var^-ing  amounts  of  energy,  that  in  the  for- 
mation of  these  bodies  different  quantities  of  energy  change 
form,  and  that,  conversely,  the  various  reactions  noticed  with 
isomeric  substances  are  to  be  traced  to  different  degrees  of 
conversion  of  one  form  of  energy  into  another.  Dr.  jMilla 
{loc.  cit.)  says,  "  to  measure,  both  in  quality  and  in  quantity, 
the  energy  associated  with  each  isomeric  substance,  is  to  give 
a  complete  account  of  the  phenomenon  of  isomerism."  Not,  it 
seems  to  me,  to  give  a  complete  dynamical  account  of  the  phe- 
nomenon of  isomerism ;  for  it  is  only  when  we  explain  a 
phenomenon  as  a  "  change  in  the  configuration  and  motion  of 
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a  material  system,"  that  we  give  a  complete  dynamical  expla- 
nation of  that  {)lienomenon.  If  Isomerism  depends  on  changes 
of  potential  energ}-,  we  must  remember,  to  quote  Prof.  Clerk 
Maxwell  (Treatise  on  Heat,  p.  283,  1st  edit.),  "  that  potential 
energy  depends  essentially  on  the  relative  positions  of  the 
parts  of  the  system  in  which  it  exists,  and  that  j)otential  energy 
cannot  be  transformed  in  any  way  without  some  change  of  the 
relative  position  of  those  parts." 

Hence  I  think  that  the  energy  theory  of  isomerism  is  not 
altogether  inconsistent  with  the  position-theory,  and  that  both 
meet  with  their  fullest  development  in  terms  of  the  molecular 
theory  of  matter. 

43.  I  have  thus  attempted  to  show  that  onr  ordinary  che- 
mical notation  is  founded  on  facts,  that  it  gathers  together  and 
symbolizes  a  great  many  phenomena,  that  it  does  not  neces- 
sarily imply  the  acceptance  of  any  theory  as  to  the  constitu- 
tion of  matter,  but  that  it  receives  its  fullest  meaning  when 
viewed  in  the  light  of  the  molecular  theory.  I  have  further 
briefly  endeavoured  to  point  out  some  of  the  deficiencies  of 
chemical  notation,  but  have  expressed  a  belief  that  when  the 
present  system  is  superseded  by  a  better,  the  new  will  be  the 
legitimate  outcome  of,  and  will  not  be  in  any  fundamental 
point  opposed  to  the  old. 

II.  On  a  new  Form  of  Polariscope,  and  its  application  to  the 
ohsen-ation  of  the  Sky.  By  R.  H.  M.  BoSA^'QUET,  Fellow  of 
St.  Johns  College,  Oxford*. 

THE  observation  of  faint  traces  of  polarization,  such  as 
present  themselves  in  certain  atmospheric  and  other  phe- 
nomena, requires  polariscopes  of  great  sensibility.  The  instru- 
ment hitherto  principally  employed  for  the  purpose  is  the  po- 
lariscope of  Savart,  formed  of  two  similar  plates  of  quartz,  cut 
at  an  angle  of  45°  with  the  axis,  and  superposed  Avith  the  prin- 
cij)al  sections  at  right  angles.  The  appearance  presented  by 
polarized  light  in  this  instrument,  when  properly  arranged,  con- 
sists of  a  number  of  coloured  bands  with  black  or  white  centre  ; 
and  its  sensitiveness  depends  on  the  fact  that  these  bands  can 
be  recognized  even  when  very  faint,  on  account  of  the  marked 
character  of  the  pattern  they  form  in  the  field  of  view.  In  one 
respect,  however,  this  instrument  i)ossesses  properties  which 
are  not  always  advantageous.  First,  it  is  necessary  that  the 
principal  section  of  the  analyzer  between  the  plates  and  the 
eye  should  be  either  parallel  or  at  right  angles  to  the  direction 

*  Read  before  the  Ashmolean  Society,  Oxford,  May  25,  1876,  and  com- 
municated by  the  Author  on  buhalf  of  the  Society. 
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of  the  bands.  At  an  intermediate  position,  where  the  angle 
between  these  directions  is  45°,  no  etfect  is  visible.  Secondly, 
it  is  necessary  that  the  direction  of  the  bands  should  be  either 
parallel  or  at  right  angles  to  the  plane  of  polarization  of  the 
incident  light ;  at  an  intermediate  position,  Avhere  the  angle  be- 
tween these  directions  is  45°,  no  etfect  is  visible.  This  latter 
property  may  be  expressed  by  saying  that,  with  this  polari- 
scope,  the  transition  from  positive  to  negative  polarization  takes 
place  by  passing  through  the  value  zero,  positive  and  negative 
being  a  conventional  mode  of  expressing  two  directions  of  po- 
larization at  right  angles  to  one  another. 

Now  although  this  property  of  Savart's  polariscope  has  its 
advantages,  yet  in  the  preliminary  examination  of  regions  of 
faint  polarization,  where  the  existence  and  direction  of  polari- 
zation are  both  uncertain,  it  is  extremely  inconvenient.  In 
cases  where  the  polarization  is  so  faint  that  it  can  only  be  seen 
by  glimpses  after  intense  gazing  under  the  most  favourable 
circumstances,  it  is  difficult  to  map  out  the  distribution  of  the 
intensity  where  it  is  thus  complicated  with  the  question  of  direc- 
tion ;  for  at  the  moment  when  one  is  certain  that  no  bands 
are  seen,  it  may  be  that  there  is  a  polarization  in  a  plane  in- 
clined 45°  to  the  bands  ;  and  the  process  of  rotating  the  instru- 
ment necessary  to  convince  oneself  of  the  real  character  of  the 
phenomenon  adds  much  to  the  difficulty  of  the  observation. 
The  polariscope,  of  which  I  proceed  to  give  an  account,  has 
been  devised  with  the  object  of  removing  this  difficulty  ;  it  gives 
bands  nearly  (if  not  quite)  as  distinct  as  those  of  the  Savart ; 
and  the  presence  of  the  bauds  is  independent  of  the  position  of 
the  analyzer,  and  of  the  plane  of  polarization  of  the  observed 
light. 

The  new  polariscope  consists  essentially  of  two  wedges  of 
quartz,  the  one  right-handed  and  the  other  left-handed.  The 
terminal  faces  are  cut  at  right  angles  to  the  axis ;  and  the  in- 
clined common  surface  of  the  wedges  makes  an  angle  of  about 
30°  with  the  direction  of  the  axis,  which  is  also  the  line  of 
vision. 

In  the  larger  instrument  which  I  have  constructed,  the 
length  of  the  parallelepiped  which  is  made  up  of  the  two 
wedges  is  about  1*5  inch ;  and  the  section  is  about  '9  inch 
square.  In  the  smaller  instrument  (which  was  constructed 
first,  by  way  of  trial)  the  angle  of  the  wedge  is  about  45°,  the 
length  between  two  terminal  faces  nearly  half  an  inch,  and 
the  dimensions  of  the  area  seen  through  are  "8  inch  parallel 
to  the  bands,  by  '45  inch.  This  latter  instrument  was  made 
out  of  two  small  crystals  bearing  right-handed  and  left-handed 
hemihedral  faces,  which  I  selected  from  my  collection  of  such 
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specimens  procured  in  Switzerland.  The  crystals  proved  to 
be  full  of  stria? ;  but  notwithstanding  this,  the  appearance  of 
the  bands  is  substantially  perfect  when  the  line  of  vision  co- 
incides ])retty  closely  with  the  axis.  This  is  an  observation 
worth  noting ;  for  it  seems  probable  that  most  of  the  Swiss 
quartz  is  so  striated  as  to  make  it  useless  for  many  purposes, 
but  that  the  striated  structure  is  so  situated  as  not  to  atfect 
vision  in  the  direction  of  the  axis.  I  possess  some  fine  Swiss 
crystals  with  weIl-develo]>ed  hemihedral  faces,  which  present 
external  markings  similar  to  those  on  the  crystals  which 
proved  striated  :  if  such  as  these  can  be  used  for  the  present 
purpose,  the  expense  of  perfect  crystals  of  the  requisite  size 
may  be  avoided  ;  for  any  one  can  pick  uj)  in  Switzerland  for 
a  few  francs  large  and  line  specimens  of  this  kind. 

The  small  instrument  of  Swiss  quartz  is  mounted  at  the  end 
of  a  tube  10  inches  long  with  a  small  Nicol's  prism  interposed 
between  it  and  the  eye.  It  gives,  with  polarized  mean  yellow 
light,  three  complete  bands,  and  already  forms  a  very  useful 
anil  sensitive  polariscope  for  ordinary  purposes. 

By  reducing  to  millimetres,  taking  the  rotation  of  the  mean 
yellow  ray  at  24°  for  1  millim.,  and  remembering  that  a 
parallelepiped  of  this  kind  made  up  of  two  opposite  quartz 
wedges  exerts  a  rotatory  effect  due  to  twice  its  depth,  we  can 
show  that  every  complete  band  in  the  mean  yellow  requires 
a  depth  of  '15  of  an  inch  from  back  to  front.  To  get  a  more 
extensive  series  of  bands  I  procured  two  fine  pieces  of  quartz, 
right-handed  and  left-handed  respectively,  out  of  which  the 
compound  quartz  first  described,  viz.  1'5  inch  long  and  'D  inch 
in  section,  was  constructed.  According  to  the  above  calcula- 
tion this  should  give  ten  bands  with  yellow  polarized  light. 
A  rather  small  stop  has  been  inserted.  But  within  this  I  can 
count  eight  bands  when  the  instrument  is  directed  to  the  re- 
flection of  a  salted  spirit-flame  in  a  polished  table.  Of  course 
with  white  light  the  systems  of  bands  belonging  to  the  dif- 
ferent colours  are  soon  superposed,  and  only  about  five  or  six 
bands  are  prominent.  But  the  central  bands,  whether  white 
or  black,  are  sharply  defined. 

The  bands  of  this  compound  quartz  are  delicate  and  beautiful 
•when  it  is  held  at  some  distance  and  looked  at  throuah  a  Nicol 
with  polarized  hght ;  but  it  was  my  object  to  secure  sensitive- 
ness by  bringing  it  nearer  the  eye  so  as  to  get  more  light ; 
and  also  it  was  necessary  to  have  it  mounted  with  an  adjust- 
ment, by  which  the  axis  could  be  jilaced  parallel  to  the  line  of 
vision.  The  form  adopted  is  illustrated  in  the  accompanying 
figure.  Parallel  rays,  after  traversing  the  axis  of  the  com- 
pound quartz,  fall  upon  a  simple  lens  of  4  inches  focal  length 
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and  1  inch  diameter,  pass  through  a  small  Nicol's  prism,  and 
then  fall  npon  the  eye,  which  is  placed  in  the  focus  of  the 
lens.  Fixed  or  movable  micrometer  wires  may  be  introduced 
just  beyond  the  end  of  the  quartz,  for  the  purpose  of  measur- 
ing the  displacement  of  the  bands,  an  indication  of  the  direc- 
tion of  the  plane  of  polarization ;  but  I  have  not  introduced 
these.  The  region  indicated,  however,  is  in  focus,  and  the 
focus  is  deep. 


T^ 


-f 


® 


The  quartz  is  adjusted  for  the  axial  direction  by  two  pairs  of  screws. 
The  one  pair  is  seen  in  profile ;  the  other  pair  is  at  right  angles  to  the 
first,  and  has  one  of  the  round  heads  indicated. 

Scale  i 

I  remarked  at  the  outset  that  the  difficultv^  in  connexion 
with  Savart's  polariscope  might  be  expressed  by  saying  that 
it  passes  from  positive  to  negative  polarization  through  a  zero 
value.  The  polariscope  now  described,  on  the  other  hand,  may 
be  regarded  as  passing  under  the  same  circumstances  from 
functions  of  a  certain  angle  to  functions  of  an  angle  ditFering 
by  90°  by  simple  progression,  the  intensity  of  the  appearances 
manifested  beino^  the  same  throughout.  For  the  effect  of 
passing  through  a  certain  thickness  of  the  ciystal  is  to  turn 
the  plane  of  polarization  through  an  angle  proportional  to  the 
thickness ;  and  the  same  difference  of  thickness  will  always 
correspond  to  180°  of  rotation,  or  to  the  interval  of  one  band 
of  a  given  colour.  Hence  the  appearance  will  always  be  that 
of  a  succession  of  bands. 

To  detemiine  what  appearance  of  motion  in  the  bands  is 
produced  by  given  rotations  of  polarizer  or  analyzer,  it  will 
be  convenient  to  imagine  a  section  mapped  out  with  lines 
drawn  at  intervals  corresponding  to  1,  2,  .  . .  millims.  thick- 
ness of  right-handed  and  left-handed  action  respectively.  As 
an  example  we  "n-ill  take  polarized  homogeneous  yellow  light, 
in  which  the  millimetre  lines  correspond  to  rotations  of  24° ; 
and  we  will  suppose  that  the  analyzer  is  turned  round  through 
successive  angles  of  this  amount  in  the  direction  of  the  hands 
of  a  watch  facing  the  observer,  i.  e.  left-handed  in  the  direction 
of  the  ray.  In  the  left-handed  quartz,  after  each  such  rota- 
tion, the  corresponding  light  is  that  which  comes  through 
1  millim.  of  increased  thickness ;  consequently  the  bands 
appear  to  move  from  the  centre.     In  the  right-handed  quartz, 
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on  the  contrary,  the  action  of  diminished  thickness  corresponds 
to  left-handed  I'otation,  and  the  bands  appear  to  move  to  tlie 
centre.  Thns  for  rotation  of  analyzer  with  watch  the  bands 
move  from  the  right-handc^d  quartz  to  the  left-handed  one, 
and  luce  versa. 

In  Avhite  light,  as  the  breadth  of  one  band  is  different  for 
each  colour,  and  the  rotation  of  180°  in  either  the  incident 
polarization  or  the  analyzer  displaces  every  colour  through 
one  band,  the  effect  of  rotation  on  the  bands  is  complex  ;  but 
they  remain  substantially  equally  visible  in  all  positions  *• 

Application  to  the  observation  of  the  sky. 

In  a  paper  read  before  the  Ashmolean  Society  in  1875  f,  I 
pointed  out  the  untenableness  of  the  conception  of  neutral 
points  as  separating  the  positive  and  negative  regions  of  po- 
larization in  the  sky,  and  suggested  that  it  was  probable  for 
various  reasons  that  these  two  regions  were  separated  by  a 
ring  in  which  the  polarization  passed  through  a  value  zero. 
At  that  tiuie  I  had  not  succeeded  in  observing  the  polariza- 
tion in  the  neighbourhood  of  the  neutral  points  at  all.  Great 
difticulfy  was  found,  even  with  the  Savart,  in  settling  the 
point ;  and  the  polariscope  above  described  was  constructed 
for  this  ])uq)ose.  With  the  assistance  of  this  and  the  Savart, 
which  supplement  each  other's  indications  in  a  useful  manner, 
I  have  made  out  the  state  of  the  facts. 

The  tract  which  separates  the  regions  of  positive  and  nega- 
tive jjolarization  exhibits,  elsewhere  than  in  the  neutral  point, 
polarization  of  sensible  amount,  which  is  neither  positive  nor 
negative,  but  is  in  planes  inclined  at  angles  other  than  right 
angles  to  the  plane  through  sun,  point,  and  observer.  That  is 
to  say,  the  direction  of  the  polarization  changes  from  that 
plane  to  a  direction  at  right  angles  with  it  by  a  gradual  rota- 
tion through  the  right  angle,  and  not  by  passing  through  a 
zero  value,  unless  we  cross  over  the  neutral  point  itself. 

The  first  fact  in  support  of  this  statement  is,  that  it  has  been 
ascertained  beyond  a  doubt  by  the  new  polariscope  that  the 
polarization  is  continuous  between  the  positive  and  negative 
regions ;  /.  e.  the  bands  never  vanish  while  the  instrument  is 
slowly  j:)assed  from  a  point  in  the  negative  region  to  a  point 
in  the  positive  one,  unless  we  cross  over  the  neutral  point 
itself. 

ITie  property  of  the  Savart  then  comes  in  usefully — that  it 

•  The  instrument  was  constructed  by  Messrs.  Tislcy  and  Spiller.     It  is 
now  in  the  Loan  Exhibition  ot'Scientilic  Instruments  at  t^outh  Kensington, 
t  Phil.  Mag.  Dec.  1875,  Suppl. 
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gives  no  bands  where  the  polarization  is  inclined  45°  to  the 
direction  of  the  bands.  Now  when  the  neutral  point  is  re- 
garded with  the  Savart  under  favourable  conditions,  a  neutral 
line  is  seen  to  extend  across  the  bands,  if  they  are  vertical  or 
horizontal,  in  a  shape  somewhat  resembling  an  h}^erbola,  with 
the  vertex  at  the  neutral  point,  and  the  convexity  turned 
downwards ;  but  there  is  always  a  portion  at  the  vertex  which 
looks  like  a  horizontal  neutral  line,  presenting  the  appearance 
figured  in  Brewster's  paper  (Edinb.  Trans.  1861,  p.  213).  In 
particular  the  neutral  line  is  horizontal,  or  nearly  so,  where 
the  part  of  it  due  to  the  property  of  the  Savart  joins  the  true 
neutral  point.  Under  these  circumstances  I  am  able  to  say 
with  certainty  that  the  polarization  in  the  region  immediately 
adjoining  the  neutral  point  at  its  side  is  always  in  a  plane  in- 
clined 45°  to  the  vertical  nearly.  I  then  employed  both 
polariscopes  to  find  out  what  the  actual  directions  were ;  the 
results  are  expressed  in  the  following  sketch,  which  also  em- 
bodies the  general  distribution  throughout  the  region  in 
question,  as  derived  from  a  considerable  number  of  observa- 
tions of  Arago's  and  Babinet's  points.  The  distribution  about 
Arago's  point  and  the  antisolar  point  is  similar  to  that  about 
Babinet's  point  and  the  sun,  as  Brewster  made  it.  I  have 
not  attempted  to  observe  Brewster's  point  for  this  purpose,  as 
the  observations  are  trying  to  the  eyes  Avhen  the  sun  is  high 
enough  to  see  it.  The  continuous  lines  in  the  figure  give 
approximately  the  positions  of  the  plane  of  polarization.  The 
hyperbolic  dotted  line  represents  the  neutral  curve  seen  with 
a  Savart  with  bars  vertical  or  horizontal ;  it  is  the  locus  of 
points  where  the  direction-lines  are  inclined  45°  to  the  ver- 
tical. The  neutral  point  is  in  the  middle,  the  sun  or  anti- 
solar  point  is  represented  by  the  dot  below. 

It  is  a  matter  of  some  interest  to  inquire  what  is  the  figure 
of  the  tract  which  separates  the  positive  and  negative  regions. 
We  may  for  this  purpose  draw  the  locus  of  points  at  which 
the  directions  of  polarization  make  an  angle  of  45°  with  the 
radius  vector  to  sun  or  antisolar  point ;  the  resulting  locus 
may  be  regarded  as  a  sort  of  diameter  of  the  tract  in  question, 
which  extends  on  both  sides  of  it.  It  forms  a  curve  like  a 
loop  of  a  lemniscate,  having  its  centre  at  the  sun  or  antisolar 
point,  and  touching  the  vertex  of  the  Savart  hyperbola  with 
the  flat  end  of  the  loop,  if  we  imagine  the  two  curves  con- 
tinued through  the  neutral  point,  of  which  their  common 
vertex  is  the  centre.  It  is  drawn  in  dots  in  the  lower  part  of 
the  figui-e. 
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Distribution  of  direction  of  planes  of  polarization  about  a  neutral  point 
lying  above  sun  or  autisolar  point.  The  sun  or  autisokr  point  is  indicated 
by  the  dot  at  the  bottom  of  the  figure. 

Outline  of  the  tlicory  of  the  distribution  of  polarization  in  the 
neighbourhood  of  a  neutral  point. 

If  two  equal  polarizations  be  superposed  whose  directions 
make  with  each  other  any  angle,  the  resultincr  direction  of 
polarization  lies  along  the  bisector  of  the  angle  between  them. 

Let  A  be  the  common  amplitude  of  the  two  vibrations,  6,  </> 
their  directions  estimated  from  any  initial  position,  7  the  angle 
between  them;  then  6—<{>=-'y. 

Let  X  be  the  intensity  of  the  components  along  the  initial 
line.  Then  X-  =  A-  (cos'^^  +  cos^^).  It  is  required  to  find 
the  positions  for  which  X  has  maximum  and  minimum  values. 

X  dX=0  =  A'^  (cos  e  sin  ^(/  ^  + cos  </>  sin  </>(/  <^); 
and 

de-d<i>=o, 

whence 

sin  2  0=—sm2<f), 

d=-4>, 

or  a  =  7r  —  (p,  whence  — ^ = ^  ; 

and  the  required  positions  are  the  internal  and  external  bi- 
sectors of  the  angle  between  the  given  polarizations.  It  is 
evident  that  the  internal  bisector  corresponds  to  the  maxinmm, 
the  external  to  the  minimum  value.     If,  then,  a  constant  hori- 
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zontal  polarization  be  combined  with  an  equal  one  making  a 
small  angle  2a  with  the  vertical,  the  resulting  polarization 
will  be  inclined  to  the  vertical  at  the  angle  45°  +  a,  or  nearly 
at  the  angle  45°. 

We  can  thus  account  for  the  fact  that  the  polarization  at 
the  side  of  the  neutral  point  is  inclined  about  45°,  by  sup- 
posing that  the  polarization  directed  to  the  sun  or  antisolar 
point  is  combined  with  a  uniform  horizontal  polarization  of 
equal  amount  at  the  height  of  the  centre  of  the  neutral  point ; 
and  the  explanation  adniits  of  extension  to  the  whole  pheno- 
menon. 

The  polarization  due  to  the  sun  must  obviously  be  considered 
as  increasing  regularly  from  sun  or  antisolar  point  to  the  great 
circle  at  right  angles  to  the  line  joining  them.  This  polariza- 
tion must  therefore  be  in  the  first  stage  of  T^mdall's  experi- 
ments— not  in  a  more  advanced  one,  as  supposed  in  my  former 
paper ;  the  imperfect  polarization  at  right  angles  to  the  sun 
must  arise  from  some  other  cause. 

The  question  then  is,  to  what  is  the  horizontal  polarization 
in  the  neighbourhood  of  the  horizon  due  ? 

The  most  obvious  answer  is  that  which  Brewster  gave  :  it 
seems  as  if  it  might  be  due  to  polarization  by  refraction  through 
the  atmosphere,  in  the  same  way  that  light  is  polarized  by 
oblique  refraction  at  a  surface  of  glass.  Brewster,  however, 
did  not  compute  the  value  of  this  polarization,  which  the 
astronomical-refraction  tables  permit  us  to  do. 

It  is  commonly  said  that  the  maximum  polarization  by  re- 
fraction takes  place  at  the  polarizing  angle.  But  this  is  not 
true.     If  we  consider  the  Brewster-Fresnel  formula, 

ratio  of  components  after  refraction 


ratio  of  components  before  refraction      cos  {i — ?•)  ' 

we  see  that  the  polarization  by  refraction  increases  up  to  the 
limiting  incidence*. 

To  calculate  the  maximum  polarization  producible  by  hori- 
zontal refraction  through  the  atmosphere  regarded  as  homo- 
geneous, we  can  suppose  the  incident  light  unpolarized,  and 
put  i— r=  33^,  which  is  the  value  of  the  astronomical  horizontal 
refraction. 

If  we  then  calculate  the  resulting  value  of  R  (where 
sin  211=  polarization),  we  find  that  it  amounts  only  to  a  few 
seconds  of  arc. 

*  See  Jamin,  iii.  2.  p.  679,  where  it  is  assumed  that  because  the 
difference  of  the  intensities  of  the  components  has  a  maximum,  the  po- 
larization has  one  j  but  this  does  not  follow. 
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We  should  expoct  sucli  a  polarization  to  1)C  insensible ;  and 
that  it  is  so  is  continned  by  the  observation  ot"  the  setting 
sun  with  the  j)olariscope  which  I  have  succeeded  in  making. 
Ko  trace  of  i)olarization  is  to  be  seen  in  th(!  sun's  light. 

Let  us  see  what  the  positive  polarization  at  the  neutral 
point  will  be  if  we  compute  it  on  the  supposition  that  it  arises 
from  the  simplest  case  of  ditfraction,  as  is  most  probably  the 
case. 

hvt  A,  B  be  the  amplitudes  which  would  ])roduce  the  in- 
tensity and  polarization  observed  normally  to  the  sun,  so  that 

A"-  —  B'^  B 

the  polarization  there  is  -r2"T  p>2'  ^^^  V^^  r  =  ^^^'^  4^n-      Then 

the  polarization  of  the  same  components  looked  at  in  a  direc- 
tion formino;  an  antjle  a  Avith  the  line  to  the  sun  is 

A^(l-cos^a)-B^sin^a 
A2(l  +  cos-a)  +  B-sin'^a* 

Comparing  this  with  the  form 

cos^6  — sin-<6  ^  ,  ,    .     ,. 

— 5-^— — r-;rT  =  cos  2  <f)  =  polarization, 
cos'*9  +  sm-'0  ^     ^  ' 

we  have 

tan"  (j)  =  COS"  a  +  tan""  </>„  sin'"  a. 

In  the  sky  ^„  is  generally  from  20°  to  25° ;  and  putting 
R=45°— </>,  we  find  for  R  values  between  1°  and  2°. 

Tliese  values  are  so  much  larger  than  that  due  to  horizontal 
astronomical  refraction  that  it  seems  impossible  that  the  two 
can  compensate  each  other  at  the  neutral  points. 

We  are  thus  thrown  back  on  the  original  sjieculation  of 
Arago,  that  the  horizontal  polarization  in  the  neighbourhood 
of  the  horizon  is  due  to  the  effect  of  light  reflected  from  the 
atmospheric  regions  surrounding  the  observed  point.  It  is 
clear  that  this  is  capable  of  furnishing  an  explanation  ;  for 
the  light  diffused  from  sources  in  a  line  with  the  observer 
would  not  be  specially  polarized  by  diffraction  at  the  observed 
point,  while  that  from  sources  to  the  right  and  left  woukl  be 
horizontally  polarized,  as  the  plane  of  source,  point,  and  ob- 
server would  be  in  the  mean  horizontal.  But  it  does  not  seem 
practicable  to  establish  any  definite  theory  of  this  kind.  The 
principal  interest  of  this  horizontal  polarization  and  its  effects 
would  appear  to  be  in  connexion  with  the  meteorological  con- 
dition of  the  atmosphere. 


[     ^9     ] 


III.  On  the  Nebular  Hypothesis. — III.  Our  Binary  Star  and 
its  attendants.  By  Pliny  Earle  Chase,  Professor  of  Phi- 
losophy in  Haverford  College. 

[Continued  from  vol.  i.  p.  510.] 

IN  stud;\'ing  the  special  evidences  of  nebular  action  we  find 
various  significant  relations,  based  on  the  following  car- 
dinal planetary  positions,  for  which  Stockwell's  *  values  are 
taken : — 


Secular 

Mean 

Mean. 

Mean 

Secular 

Secular 

perihelion. 

perilieLion. 

aphelion. 

aphelion. 

range. 

$         -29743 

-31873 

-38710 

•45546 

•47667 

-17934 

$          -67224 

•69779 

•72333 

•74888 

-77442 

-10218 

ffi          -93-226 

■96613 

1  00000 

103387 

106774 

•13547 

S        1-31105 

1-40322 

1-52369 

1-64416 

1-73633 

•42528 

2/        4  88632 

4-97824 

5-20280 

5-42735 

5-51927 

-63295 

h        8-73445 

907764 

9-53885 

10-00006 

10-34325 

1-60880 

6      17-68803 

18-32298 

1918358 

20-04418 

20-67913 

2-99111 

'^     29-59817 

29-73221 

30-03386 

30-33551 

30-46955 

-87138 

1.  The  minimum  eccentricities  of  the  principal  planets,  as 
found  by  Stockwell,  are  : — Neptune,  '00557  ;  Uranus,  "01176  ; 
Saturn,  •01237  ;  Jupiter,  "0255  ;  Earth  and  Venus,  each,  0. 
The  ratios,  counting  towards  Sun,  are,  therefore,  1^  :  ^  = 
1  :  2*11  ;  b  :  2^  =  1  :  2*07.  The  closeness  of  these  approxi- 
mations to  the  fraction  ^  suggests  their  probable  dependence 
on  a  fall  through  a  half-radius,  which  would  give  the  particles 
of  a  nebulous  ring  the  velocity  of  separation. 

2.  The  secular  ranges  of  the  planets  preserve  many  sugges- 
tive features.  Jupiter's  (•632J:)5)  corresponds  with  Earth's 
orbital  radius  of  spherical  gyration  (•63245)  ;  Saturn's  (1"6088) 
with  the  nucleal  tendencv  of  Earth's  kinetic  radius  (1"42323 
=  1-6009)  ;  Uranus's  (2-99111)  with  the  asteroidal  belt,  and 
with  a  linear  pendulum  of  which  Earth  occupies  an  oscillatoi-y 
centre  ;  the  range-sum  of  Neptune  and  Earth  (1-00685)  with 
Earth's  mean  vector  radius,  of  Venus  and  Mars  (-60462) 
with  the  kinetic  atmosphere  (-60087)  ;  the  sum-ratio  of  Earth 
and  Venus  (-23765)  with  the  ratio  of  Mercury's  greatest 
eccentricity  (-23172). 

3.  Stockwell's  estimates  for  the  maximmu  secular  eccen- 
tricity, Bessel's  for  the  masses  of  Jupiter  and  Saturn,  and 
Newcomb's  for  those  of  Uranus  and  Neptune,  give  the  follow- 
ing values  for  the  positions  of  centres  of  gravity,  at  secular 
perihelion,  mean,  and  secular  aphelion,  the  unit  being  Sun's 
radius : 

*  Smithsonian  Contributions,  232,  pp.  .37,  38. 
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O  n    1()019 

„  <         l^iHl 
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1 

i 
i 
i 

Tlieso  values  likewise  exhibit  a  close  approximation  to  the 
perihelion  ratio  ^,  between  the  comparison  planets  of  each 
jiair,  together  with  indications  of  nebular  ru[)ture  between 
Saturn  and  Uranus,  and  of  increasing  condensation  towards 
Neptune  and  Jupiter.  The  perihelion-ratio  of  Neptune  : 
Jupiter  =  1  :  3'1  ;  that  of  Uranus  :  Saturn  =  1  :  3*2,  or 
nearly  that  of  a  nodal  division  to  the  entire  length  of  a  linear 
pendulum.  The  reversal  in  the  direction  of  condensation, 
between  the  central  and  the  exterior  belt,  may  perhaps  explain 
the  retrograde  satellite-motions  of  Uranus  and  Neptune. 

4.  If  we  compare  the  perihelion  and  aphelion  centres  of 
gravity  of  companion  planets,  we  find  that  "6347  is  near  the 
centre  of  spherical  gyration  (  v'4  x  l-0019  =  -6336)  of  1'0019, 
and  that  "IGSl  is  near  the  centre  of  nebular  rupture*  (-1661) 
of  -3323. 

5.  The  time  of  revolution  varying  as  r^,  while  the  time  of 
rotation  with  the  velocity  due  to  interior  vis  viva  varies  as  ?4, 
the  limiting  radius  of  synchronous  rotation  and  revolution,  for 
any  given  expanding  or  contracting  nucleus,  is  a  mean  pro- 
portional between  the  limiting  radii  of  interior  and  exterior 
nucleal  rupture.  I  have  shoMu  that  the  gravitating  impulses 
are  45 G5  x  10"  per  second,  corresponding  in  frequency 
with   the   red  rays  of  light;    and   the    modulus    of  light  is 

/ 365-256x86400 V     .^ro^r;^     ^        a-     t^       ii 

I  —— ,,,  - --, — T7:;r^rr=  )  =473/55  solar  radn.    If  modulus 

\252x  n/214'86  X  497-820/ 

■were  taken  as  the  primitive  radius  of  resisting  inertia  (r^), 
Neptune's  position  Avould  accord  with  the  corresponding 
nucleal  radius  (r=  6077-2  solar  radii),  and  Mercury's  with  the 
radius  of  internal  rupture  (r2  =  77-96  solar  radii).  Saturn's 
place  being  fixed,  as  we  have  seen,  by  the  centre  of  nucleal 
})lanetary  inertia,  its  jnean  aphelion  radius  appears  to  have  in- 
fluenced Neptune's  position,  while  Earth's  secular  a])helion 
exerted  a  like  influence  on  Mercury's  position ;  for  1-01835 

X  6077-2  =  6371,  Neptune's  secular  perihelion  being  6359-5, 
a  difference  of  less  than  ^  of  one  per  cent. ;  1-06774  x  77-96 

=  83-24,  Mercury's  mean   distance  being  83-17,  a  difl'erence 

of  about  ^.2  ^^  ^^^  V^^  ^^^*- 

*  Telocity  at  hr=  ^ 2  gr. 
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6.  The  mean  proportional  between  these  values  of  ri  and  r, 
as  well  as  between  Sun's  radius  and  modulus,  is  688'3  solar 
radii,  or  3"203  times  Earth's  mean  radius  vector,  which  is 
near  the  outer  limit  of  the  asteroidal  belt.  This  agrees  very 
closely  with  the  secular  range  of  Uranus  (2'99111);  and  the 
relation  is  still  closer  to  the  ratio  between  the  g^a^'itating 

radii  of  Saturn  and  Uranus  ( -■  091  =3'209J.    The  positions  of 

the  principal  masses  in  the  three  chief  companion  planetary 
pairs,  indicate  the  same  law  of  mean  proportionality  between 
interior  and  exterior  rupturing  tendencies.  For  Jupiter's 
secular  aphelion  (5*5193)  is  at  the  geometrical  mean  (5'5195) 
between  Earth's  mean  distance  and  Neptune's  secular  aphelion 
(30-4:6955).  Neptune's  secular  perihelion  (29*598)  is  ^^-ithin 
one  per  cent,  of  6  x  Jupiter's  secular  perihelion,  or  in  inverse 
ratio  of  the  indices  in  mv  equation  of  products  of  figurate 
powers  C^^x  &'  x  V-'^=  h^"). 

7.  The  nodal  influence  of  linear  centres  of  oscillation  on 
material  particles  which  are  subjected  to  radial  "  lines  of 
force  "  is  shown  in  the  vector  radii  of  the  three  outer  planets 
(Saturn,  ynean  aphelion,  10;  Uranus,  mean  ajihelion,  20*044:; 
Neptune,  ?»m?i,  30*034).  This  tendency  would  be  aided  by 
the  apparent  primitive  interposition  of  Sun  between  Jupiter 
and  the  exterior  planets  ;  for  Saturn's  vector  radius  is  so 
small  in  comparison  with  modulus,  that  the  above  positions 
represent  the  geometrical  progression  (n  + 1),  (n  + 1)'^,  (n  +  1)^, 
as  well  as  the  arithmetical  pendulum  progression  1, 2,  3 — thus 
satisfying  the  requirements  both  of  elastic  media  and  of 
simple  force-lines.  The  many  indications  that  Jupiter  and 
Saturn  were  once  parts  of  the  same  nebular  belt,  with  a  mean 
nodal  difference*  of  180°,  serve  to  connect  these  accordances 
with  the  figurate  equation. 

8.  As  further  clues  to  the  significance  of  the  figurate  equa- 
tion, it  may  be  well  to  note  the  closeness  of  the  accordance 
between  the  mass-ratios  0  :  !¥,  6,  or  ©  :  V-,  and  the  distance- 
ratio  (V  :  ®)^,  as  well  as  Stockwell's  ratios*  of  mean  peri- 
helion- and  node-motion. 

9.  The  radial  light-oscillation  which  is  s%Tichronous  with 
the  present  limit  of  possible  circular  revolution  is  10020'*25 
-f-497*825  =  20*128  Earth's  vector  radii,  which  is  also  the 
rupturing  radius  of  the  retrograde-satellite  and  the  direct- 
satellite  planets,  the  difference  between  the  secular  aphelia  of 
Saturn  and  Neptune  (or  the  vector  radius  of  Neptune  rela- 
tively  to   the   nebular   planetary   centre    of    inertia)    being 

*  Stockwell,  oj).  cit.  p.  xiv. 
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20'12G;  tlic  moan  apliclion  vector  radius  of  Uranus  =  20*04: 1 ; 
the  major  axis  of  the  November  meteors,  and  the  secular 
aphelion  of  Uranus,  each  =20- (IS ;  twice  Saturn's  secular 
a|)helion  =  20'0lt, — theori^nnal  nebular  activity  thus  combining 
with  the  satellite  influences  in  maiiitainino;  Saturn's  rings. 
Moreover  Xe])tune's  secular  ])eriheliun  =  l*4ol3  x  the  secular 
aphelion  of  Uranus — the  "  kinetic  radius  "  or  the  limiting 
radius  of  equality,  towards  which  I  have  sho^ni  that  all  cen- 
tral forces  mathematically  tend,  being  1*4232. 

10.  The  sum  of  Uranus's  mean  and  Earth's  secular  peri- 
helion vector  radii  =20"0158.  The  importance  of  Earth's 
position,  the  near  approximation  of  this  sum  to  the  cardinal 
light-oscillation  (9),  and  the  indications  of  a  somewhat  shorter 
major  axis  for  the  inner  meteors  of  the  November  stream 
encourage  us  to  look  for  still  further  evidences  of  continuing 
nebular  activity  in  our  own  orbit  as  well  as  in  that  of  Saturn. 
If  Earth  and  Uranus  were  once  jxirts  of  an  elliptical  ring,  or 
meteor-current,  with  Earth  sharing  Uranus's  present  maxi- 
mum secular  eccentricity  (•O770()5),  Earth,  Ju])iter,  Uranus, 
and  Sun  were  connected  by  the  following  equation  : — Modu- 
lus =252  X  the  square  of  Jupiter's  mean  radius  vector  x  the 
time  of  revolution  at  secular  perihelion  ('922035)  of  a  mean- 
proportional  radius  between  Earth  and  Sun  (1  :  v'214:*8(>)!f-r- 
(square  of  Earth's  radius  x  1  year).  This  value  of  modulus 
(474250)  exceeds  the  value  found  by  the  ordinary  methods 
(473755)  by  less  than  ^  of  one  per  cent. 

11.  The  secular  range  of  Uranus,  between  17'G88  and 
20*679,  subjects  all  the  intraasteroidal  planets,  together  with 
most  of  the  asteroidal  belt,  to  the  influence  of  its  accompany- 
ing light-oscillations,  so  that  all  the  members  of  our  interior 
system  of  dense  planets  may  have  been  partially  built  up  of 
materials  from  a  meteoric  stream,  of  which  the  November 
meteors  are  the  debris.  Earth's  secular  aphelion  (1*0()77  ; 
of.  the  ratios  of  ?^  o  centre  of  gravity,  1"0668,  and  of 
Jupiter's  secular  aphelion,  1*0608)  was  established  near  the 
linear  centre  of  gravity  of  a  pendulum  of  which  the  kinetic 
radius  marked  the  centre  of  oscillation  (^x|x  1*4232  = 
1*0674).  Yenus's  secular  perihelion  (*6722)  is  near  the 
centre  of  spherical  gyration  of  Earth's  secular  aphelion 
(v'4xl*0677  =  *6753). 

12.  If  we  tiike  the  primitive  light-axis  (20*128)  and  sup- 
pose it  subjected  to  repeated  oscillation  through  ±  Earth's 
mean  vector  radius,  successive  nodal  bisections  give  the  fol- 
lowing approximations : — 
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20-128-1=  «  ...  19-128  Uranus...  19-184 

ia             =/3  ...     9-564  Saturn...  9-538 

i(^+l)    =y   ...     5-282  Jupiter...  5-203 

\{y-l)    =6...     2-141  Asteroids. 

1(8  +  1)     =e...     1-571  Mars      ...  1-524 

13.  If  the  kinetic  radius  of  Mercury's  secular  perihelion 
was  also  the  radius  of  nucleal  separation,  its  secular  aphelion 
(102-438)  was  near  a  corresponding  atmospheric  radius 
(1-4232^  X  03-906  =  102-305). 

14.  If  the  laniiniferous  or  kinetic  aether  is  the  permanent 
representative  of  the  original  hypothetical  nebula,  in  which 
suns  and  planets  are  but  Meeting  particles,  Faraday's  "  lines  of 
force  "  may  be  due  to  longitudinal  and  transverse  waves,  either 
of  various  degrees  of  velocity  but  uniform  frequency,  or  of 
various  frequency  but  uniform  velocity,  or  of  velocities  and 
frequencies  both  varying,  in  accordance  with  definite  harmonic 
laws.  The  luminous,  thermal,  magnetic,  gravitating,  cohesive, 
and  dissociatmg  impulses  *  all  have  simple  harmonic  represen- 
tatives in  the  26th  musical  octave,  which  is  the  special  octave 
of  light-proper  ;  the  gra^•itating  impulses  have  also  important 
harmonics  in  the  46th,  91st,  and  92ud  octaves. 

15.  Jupiter,  the  chief  planet  in  the  supraasteroidal,  and 
Earth,  the  chief  planet  in  the  intraasteroidal  belt,  are  connected 
by  the  following  proportions.  The  number  of  light-oscilla- 
tions (log  =20-699916)  which  would  communicate  the  greatest 
gravitating  velocity  in  our  system  (  -^'Igr  at  Sun)  :  the  num- 
ber (log  =  15-822542)  in  describing  Sun's  circumference 
(27r?-)  :  :  velocity  of  revolution  at  Earth  (1-^  \/214-86)  :  velo- 
city of  gravitating  force  at  Jupiter  (1-h  1051-298'-),  the  units 
of  velocity  being  taken,  respectively,  at  Sun's  surface  and  at 
the  limit  of  equilibrium  between  ©  2^  aggregation  or  dissocia- 
tion (1-4232  +  1049-875). 

16.  The  same  chief  planets  are  also  connected  by  the  pro- 
portion, ^modulus  (688-3)  :  light-producing  wave  at  the 
mean-perihelion  centre  of  gravity  of  Sun  and  Jupiter 
(tt  X  1-0198)  :  :  Earth's  mean  radius  vector  :  Sun's  radius. 
The  value  of  Earth's  radius  vector  thus  found  is  214-842,  the 
value  which  is  derived  from  the  observations  which  I  have 
thought  the  most  accurate  being  214-86. 

*  The  "  selenium  eye '"  illustrates  one  of  these  harmonics.  Professor 
W.  G.  Adams  (Proc.  Roy.  Soc.  Jan.  6,  1876 ;  Pliil.  Mag.  April  1876) 
says,  "the  change  in  the  resistance  of  selenium  is  directly  as  the  square 
root  of  the  illuminatintr  power."  This  is  inversely  as  theVelocity  of  nu- 
cleal rotation.  The  deflections  in  the  dark  (-32 )  and  in  strong  sunlio-ht 
(470)  give  the  ratio  1469,  the  ratio  of  emanating  force  at  Sunto  that  at 
Earth's  orbit  being  14-66. 

Phil.  Mag.  S.  5.  Yol.  2.  No.  8.  July  1876.  D 
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17.  Ju])it(M'  and  Sun  thus  appear  to  be  companion  consti- 
tuents of  a  ])inary  star;  and  the  point  of  primitive  rupture 
should  be  sought  at  the  secular-perihelion  centre  of  gravity. 
Bodies  falling  towards  that  ])oint,  on  approaching  Sun,  are 
subject  to  a  force  of  about  1048  towards  Sun,  and  1041*  towards 
the  slowly  moving  common  centre  of  gravity.  There  are 
therefore  two  nodal  points,  with  the  least  resistance  to  motion 

nearly  midway  ( :wv^  )  between  them.     If  Sun  is  gaseous,  as 

Hunt,  Faye,  and  others  have  supposed,  there  should  hence 
arise  linear  oscillations  of  2  x  2r  synchronous  with  the  circular 
oscillations  of  'Iirr.  The  corona  may  perhaps  be  due  to  such 
radial  oscillations. 

18.  The  15th  accordance  gives  for  the  mass  of  Sun  ^Jupiter, 
1049-875-2  =  1047-875;  tbe  17th,  1049-871-2  =  1047-874, 
Bessel's  estimate  being  1047-879  ±-235. 

19.  The  discrepancy  between  the  two  astronomical  estimates 
for  the  velocity  of  light  seems  to  have  arisen  from  ignorance 
of  the  intranodal  oscillation.  Delambre,  from  his  discussion 
of  more  than  1000  eclipses  of  Jupiter's  first  satellite  *,  esti- 
mated the  time  of  light-passage  from  Sun  to  Earth  at  493-198 
seconds  ;  Struve,  from  the  phenomena  of  aberration,  at  497*827 
seconds.  If  the  thne  of  traversing  212-86  solarradii  is  493-198, 
the  time  for  214-86?'  should  be  497-831,  which  differs  from 
Struve's  value  by  less  than  yo^oo  ^^  ^  P^''  cent. 

20.  If  Earth  was  at  the  nebular  nucleal  surface  when  the 
Jovi-Saturnian  ring  was  nebularly  atmospheric,  the  vis  viva  of 
interior  nucleal  rotation  varied  as  r,  and  the  velocity  of  result- 
ing planetary  revolution  as  r-.  We  thus  obtain  for  the  theo- 
retical time  of  present  solar  rotation, 

n/214-86  :  1  :  :  365-2  days  :  24-912  days. 

The  lowest  estimate  from  observation  is  Spicer's,  24'624  ;  the 
highest,  that  of  Schwabe,  25-507. 

21.  The  laws  of  central  forces  require  that  provision  should 
be  made  for  radial  oscillations,  tending  towards  the  time-limit 
of  isoradial  circular  oscillations  (  \/32  and  v8),  for  tangential 
velocities,  varying  inversely  as  the  times  and  directly  as  the 
fourth  root  of  central  isoradial  teiulencies,  for  centres  of  oscil- 
lation in  lines  of  force,  and  for  oscillations  between  systematic 
and  locally  dominant  centres.  We  liave  already  seen  (15,  17, 
18)  how  closely  the  relative  masses  of  Sun  and  Jupiter  provide 
for  the  last  requirement ;  if  they  provide  also  for  the  others,  the 
centre  of  oscillation  for  Sun's  possible  atmosphere  should  be  at 

*  Stockwell,  Proc.  Amer.  Assoc,  vol.  xx.  pp.  76,  77. 
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1047-875— s/(32)*  =  23-875  solar  radii.  The  corresponding 
height  of  possible  atmosphere,  or  the  height  of  equality  between 
the  velocities  of  rotation  and  revolution,  is  |  of  23*875  =  35*813  r. 
This  would  give,  for  the  time  of  solar  rotation, 

365-256-f-(214*86-^ 35*813)^  =  21*856  days, 

differing  less  than  ^  of  1  per  cent,  from  the  vis-viva  esti- 
mate (20). 

22.  The  ratio  1  :  32"  is  also  simply  connected  with  the  mass 
and  distance  of  Jupiter's  companion  planet  Saturn,  and  so 
with  the  centre  of  planetary  inertia.  For  1021 +  1025  + '536 
=  2019*51(3, 17),  Saturn's  mean  radius  vector  being  2019*51 
solar  radii;  1021  +  (35*13^  V'4)  =  1080*625  is  the  limit,  of 
which  Jupiter  represents  a  centre  of  explosive  oscillation,  and 
the  inertial  moment  at  the  limit  gives  the  mass  of  Sun  +  Saturn; 
for  1080*625  x  (|)'-  =  3501*2,  Bessel's  value  being  3501*6. 

23.  Among  the  many  harmonies  of  planetary  mass  which 
manifest  a  dependence  on  nebular  influences,  the  following  are 
perhaps  indicative  of  some  of  the  earliest  forms  of  activity  : — 

a.  The  masses  of  Jupiter  and  Earth  are  nearly  proportionate 
to  the  square  of  their  periodic  times  x  the  velocities  due  to 
internucleal  vis  viva  : 

5*2028^  X  5*202'8^=321-2  ;  321*2  x  1047-875  =  336201. 

b.  The  influence  of  spherical  gj'ration  on  Yenus  (11)  seems 
to  be  further  shown  by  its  ratio  to  Earth,  which  is  the  square 
of  the  ratio  of  Uranus  to  Neptune  (  s/8  :  tt)  ;  tt  x  336201 +-8 
=  415289.  Hill's  estimate  of  the  mass  of  Sun  -^  Venus  is 
408134.  If  the  internucleal  vis  viva  of  Jupiter  were  taken  at 
secular  perihelion,  the  resulting  theoretical  mass-denominators 
would  be  Earth  'dm222,  Yenus  402460. 

24.  The  masses  of  the  principal  planets  therefore  seem  to 
have  been  primitively  determined  by  the  follo^ving  influences: — 
Neptune,  by  the  proportion  betvreen  the  time  of  direct  fall  to 
the  centre  of  planetary  inertia,  and  the  time  of  circular  revo- 
lution ;  Uranus,  by  the  time  of  describing  the  Sun's  propor- 
tional part  of  a  circle  in  the  circular  orbit ;  Saturn,  by  equality 
of  nebular  vis  viva  with  Jupiter  when  the  tAvo  centres  of  con- 
densation were  in  opposite  parts  of  the  nebular  belt  and  on 
opposite  sides  of  the  Sun  ;  Jupiter,  by  the  ratio  of  variability 
between  incipient  fall  to  a  centre  of  linear  atmospheric  oscilla- 
tion and  circular  revolution  ;  Earth,  by  the  combined  action 
of  vis  viva  and  times  of  revolution  ;  Yenus,  by  the  action,  in 
a  spherical  mass,  of  the  same  forces  as  determined  Uranus  in 
a  circular  disk.     The  mass-denominators  are  : — 
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Theoretical. 

Observed. 

Authority. 

H.     32-' 4- 23  875 

1047-875 

1047  879 

Bessel. 

^      15-203)  ""  "^ 

3522-3 

3501-6 

.. 

V      V32xh 

19925  3 

19700 

Kewcorab. 

«     7rx"»-V8 

221334 

22600 

,, 

®      5 -2033  X  4 -886*  X  2^ 

320223 

322800 

2     TT^'xe-hS 

402460 

408134 

HiU. 

25.  These  masses,  ^vitll  Hansen  and  Olafsen's  mass  for  Mars, 
and  Encke's  for  Mercury,  give  the  following  ratios  for  the 
extra-  and  intraasteroidal  groups  : — 


Theoretical. 

Observed. 

Theoretical.        Observed. 

•il     1  0000 
h        -2!)  75 
1:^       -0526 
9       -0473 

1-0000 
•2!>93 
•0532 
-0464 

®      10000 
2       -8106 
S       -1019 
$       -0670 

10000 
•7909 
•1009 
-0663 

1-3974 

1-3989 

19795 

19581 

Here  is  a  further  approximation,  in  the  inner  system,  to  the 
square  of  the  outer  ratio,  accompanied  by  suggestive  indica- 
tions of  the  influence  of  the  ratio  between  aggregating  and 
dissociating  velocities  (1  :  n/2),  and  of  the  ratio  between  the 
oscillatory  and  kinetic  radii  (1-4232  :  2  :  :  1  :  1-405).  The 
outer  is  about  220  X  the  inner,  or  nearly  as  Earth's  radius 
vector  is  to  Sun's  radius. 

26.  To  these  primitive  influences  others  were  subsequently 
added,  depending  upon  mutual  actions  and  reactions,  some  of 
which  have  already  been  jiointed  out,  and  others  are  obscurely 
intimated  by  harmonies  which  can  hardly  be  regarded  as  acci- 
dental.    To  this  later  class  the  following  may  be  added  : — 

a.  Jupiter's  mass  is  to  Neptune's  mass  as  tt  x  Neptune's 
radius  vector  is  to  Jupiter's  radius  vector  ;  Neptune's  mass  is 
to.^Earth's  mass  as  tt  x  Jupiter's  radius  vector  is  to  Earth's 
radius  vector. 

h.  The  mass  of  the  intraasteroidal  planets  :  Sun's  mass  :  : 
square  of  Jupiter's  secular  aphelion  :  square  of  light-modulus. 

c.  The  limit  of  possible  solar  atmosphere  :  G"'  x  Sun's  radius 
:  :  Earth's  polar  :  Earth's  equatorial  diameter  (6  =  2  x  3  =  pro- 
duct  of  number  of  gravity  nodal  divisions  by  number  of  oscil- 
latory nodal  divisions  in  a  linear  pendulum  :  cf.  Jupiter's 
mass  =  Gtt  X  Neptune's  mass). 

27.  Struve  estimated  Sun's  j)roper  motion  at  1*623  X  Earth's 
radius  vector  per  annum,  which  is  '258  times  Earth's  orbital 
motion,  the  motions  being  therefore  in  the  ratio  of  their  den- 
sities. 
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IV.    On  some  Problems  connected  with  the  Flow  of  Electricity 
in  a  Plane.     By  Olh'er  J.  Lodge,  B.Sc. 

[Continued  from  vol.  i.  p.  389.] 
General  form  of  the  resistance-expression  for  two  poles. 
§  22.  TT  is  convenient  at  this  point  to  notice  the  general 
J-     form  of  the  resistance  expression  for  two  poles  A 
and  B  in  any  bounded  plate.     It  may  always  be  written  in  the 
form 

:hMf-4 W 

where  Q  is  a  numerical  quantity  which  depends  on  the  general 
form  of  the  boundaries  of  the  plate,  and  on  the  position  of  the 
poles  with  respect  to  those  boundaries ;  while  c  is  a  number 
which  depends  only  on  that  part  of  the  boundary  which  is  infi- 
nitely near  a  pole.  As  long  as  the  poles  are  not  placed  on  the 
edge*^ of  the  plate,  c=l  and  is  unaffected  by  any  change  in  the 
boundary  ;  but  if  either  pole  is  placed  on  the  edge,  the  angle 
on  which  it  is  placed  determines  c, — the  general  law  being 

that  if  A  is  on  an  angle  — ,  and  B  on  an  angle  — ,  then  c=m  +  n. 

(When  both  poles  are  inside  the  plate,  both  angles  equal  27r, 
and  therefore  c  =  l,  as  stated  above.) 

It  is  unnecessary  to  prove  this  rule  formally  ;  but  it  is  a  con- 
sequence of  the  necessary  condition  that  A  and  B  must  be  of 
equal  strength  in  the  Hmited  sheet ;  for  this  condition  requires 

that  if  they  are  on  angles   ^    and   ^   respectively,  their 

strengths  in  the  unhmited  sheet  must  be  in  the  ratio  of  2??i  :  2n, 

AB 
and  accordingly  the  quantity in  (a)  §  8  will  occur  to  the 

r 

2(m  +  w)th  power. 

Hence,  in  the  process  of  finding  the  resistance  of  any  plane 
conductor  containing  two  small  electrodes,  the  determination  of 
Q  is  the  only  difficulty.  We  have  found  it  for  the  general 
polygon  of  two  sides  ;  let  us  proceed  to  find  it  for  a  few  tri- 
angles. 

Resistance  of  an  isosceles  riglit-anglecl  triangle.     Poles  on  the 
equal  angles. 

§  23.  This  case  was  in  reality  the  first  figure  with  rectihnear 
boundaries  which  I  attempted.  The  positions  of  the  images 
of  A  are  shown  in  fig.  5  ;  they  are  on  the  comers  of  squares 
covermg  all  the  plane.  The  images  of  B  will  be  similarly 
arranged,  eyevj  source  being  surroimded  by  four  sinks. 
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To  determine  the  value  of  the  product  1 .  Ql  in  th 

sistance-expression  {/3)  (§  8),  take  the  images  in  rows,  and  find 
the  product  for  each  row  separately  (cf.  §  i>).  Call  the  line  A  B, 


e  re- 


3 

Fig 

5. 



— 

1 

.  .  ■■ 1  1    m 

— 

1 

A 

JJ 

— 

3  — 

— 

Images  of  the  pole  A  in  an  isosceles  right-angled  triangle. 

fig.  5,  row  0  ;  the  two  roAvs  one  on  either  side  of  A  B  call  rows  1  ; 
row  2  will  be  the  row  next  beyond  each  of  these  ;  and  so  on, 
the  images  being  evidently  symmetrical  with  respect  to  the 
line  A  B.     The  whole  product  Q  wall  then  equal  Q^,  Qj,  Q^  •  • , 

A  B 

where  Q^  stands  for  the  product  of  the  -r^  's  in  one  row  x. 

Aj  A 

From  the  fiojure  we  see  that 


Ql= 


1.3.3 

.5.5.7... 

2.2.4 

.4.6.6... 

12 

22  +  12   22  +  12 

42  +  12 

42  +  12 

P  +  P 

12  +  12   32  +  12 

32  +  12 

52  +  12 

V  +  2- 

12  +  22    32  +  22 

32  +  22 

2-' 

22  +  22    22  +  22 

42  +  22 

•  ■ 

32 

22  +  32    22+32 

12+32  12+32  32+32 


_2  _      1 
~7r~-s7(0)' 

..=12.^2(1), 


=  32-572(3), 


and  in  general 


Q^^  =  a'^{.v), 


where  the  index  is  to  be  taken  positive  when  .v  is  odd,  negative 
when  ,v  is  even  ;  and  wliere  'Gr(.r)  stands  for  the  product 


12  +  .t>2    32  +  A-2    52  +  a;2  •  •  •  V  (  oc2  +  x^y 
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of  wtich   "Wallis's    expression    is    tlie   particular  case   wlien 

The  entire  product  Q  also  shows  an  e^"ident  resemblance  to 
Wallis's  form,  being 

2 /Ml).  3^(3).. -y 
^      7rV2w(2).4OT(4).../  ■ 

Further  than  this  I  was  unable  to  proceed  ;  so  I  showed  the 
products  to  Mr.  J.  W.  L.  Glaisher  during  the  Bristol  Meeting 
of  the  British  Association  :  and  he  very  kindly  told  me  how  to 
evaluate  the  product  denoted  above  by  '55"(.<')j  ^^^^  subsequently 
worked  out  the  compound  product  Q.  Taking  the  well-known 
triaonometrical  identities 


sm 


TT. 

cos 


^=T(i-5)(i-?)(^-iJ)- 


Mr.  Glaisher  divided  one  by  the  other  after  putting  xV—X 
for  X  ;  he  thus  obtained 

ITTX         ITTX     I    +  X"     4"'  +  X'  1  .  6-.  0    .  .  . 

tan 


2    ~    2      X'  +  x^    3-  +  a;2---2^.4^62 

TO. 


iirx       /  \   2 
■ss{x).-j 


whence 

This  result  gives  us 


,     .  1  ,         ITTX  ,        ,    TTX  . 

xvs  (.1-)  =  -  tan  —T-  =  tauh  -^ 


TT     ,        ,    3 


q4 

TT 


(tanh  — .  tanh^-  . .  .\ 
tanh  ^ .  tanh  -^ . . ./ 


2  2 

The  part  inside  the  brackets  may  be  written 

/^^l— g-'^    \  —  e-^^        1  +  e--^    1+g-^'^ 

V  "2"  ~l  +  e-'^"l +<?"""■'*  l—e-^^'l  —  e-*^  *■■' 

and  this  Mr.  Glaisher  saw  at  once  was  a  special  case  of  Jacobi's 
products  ;  two  of  which  (being  those  required  in  this  paper)  I 
write  down  here — 

*  Mr.  Glaisher  also  obtained  an  expression  for  the  more  general  product 

— — ^—  . ^  . . .,  which  he  has  communicated  to  the  Mathematical 

Society. 
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1  +  q     1+./     l+q'> ''    '  •      •      •      •      W 

i_^/->  i_Y  i_^     _/l>v/7k\*.         /^ 

1  +  ?^     1+/     1  +  q' VtF^J'         '      ^^ 

_    Kl 

q  stands  for  e~^  k  ^  K  having  its  ordinary  meaning  of 


f. 


Takintr  the  modulus-angle  45°    so    that    k  =  k'  =  —-=■   and 

K=:K'  =  Kq  say,  and  then  dividing  (S)  by  (e),  there  results 
the  product  required, 

Hence  Q=  ^,  and  the  resistance  of  a  triangle  with  each  elec- 
trode  on  an  angle  of  45    is 

-.^•-(f -i)-  •  ■  •  •  (-) 

The  numerical  value  of  Kq  from  Legendre's  Tables  is 
1-854  074  677  301. 
§  24.  If  one  writes  out  (17)  in  two  parts, 

the  first  term  is  the  resistance  of  a  segment  of  a  circle  with 
base  AB  and  with  its  arc  touching  the  two  sides  of  the  triangle 
at  A  and  B  ;  and  the  second  term  may  be  called  the  eflect  of 
the  "  coquadrant "  *  by  which  the  triangle  exceeds  the  seg- 
ment in  area.  But  one  must  not  imagine  that  this  term  ex- 
presses the  resistance  of  this  figure.  The  fact  is  that  its  resist- 
ance cannot  be  found  by  any  consideration  of  (17)',  for  reasons 
which  shall  be  stated,  §  30,  footnote.  It  is  worth  while  to 
notice  the  arrangement  of  poles  and  flow-lines  which  Avould 
produce  this  coquadrant  figure  in  an  unlimited  sheet ;  but  they 
will  come  better  later. 

*  I  call  it  a  coquadrant  because  it  is  the  excess  of  a  square  over  the  qua- 
drant -whose  radius  is  a  side  of  the  square :  more  generally  the  figure  en- 
closed by  any  circular  arc  and  two  taugents  might  be  called  a  cosector;  it 
■would  be  the  excess  of  an  isosceles  cirquadrilateral  over  the  inscribed  sec- 
tor, and  it  only  differs  from  a  sector  in  having  the  equal  angles  0°  instead 

of  yo°. 
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Resistance  of  an  equilateral  tnangle.     Poles  on  two  of  the 

angles. 
§  2o.  The  images  of  A  for  this  case  are  shov^^l  in  fig.  6, 

FiR.  6. 


j8        • 
d. 

0         • 

1 

e      • 


.A3 


3  •  • 

Images  of  the  pole  A  in  an  equilateral  triangle. 

being  on  tlie  vertices  of  equilateral  triangles  \/3  times  the 
linear  dimensions  of  the  original  one.  Take  the  images  in  rows 
as  before  (§  23),  calling  the  line  A  B  row  0,  and  find  the  product 
Q_j.  for  each  row  separately. 

^      2.4.5.7.8.10...  3v/3        r-^r^-. — -7- 

Qo=3.3.6.6.9.9...  =  -2,r = ^^-m^^^), 

^,_l-  +  3   5^  +  3    7-^  +  3    lP  +  3    13^  +  3  _ 

^i~3=-'  +  3'3-'  +  3' 9-^  +  3'  9^'  +  3  ■l5-  +  3'--        -"Pi"^^), 

^,_  2=^  +  2^.  3    4'^  +  2^.3    8^  +  213    10^  +  2^3 

^2-     2^.3     "62 +  22.3*  6- +  2^3 '12- +  2-.  3 Yi^'^'^)> 

Q._  1^  +  3^3    52  +  3^.3    7^  +  3^3 


and 

^  n/'^  _  _  _  _ 

Q=  ^  <^(  v/3)>/r(2  V3)(^(3  v/3)f  (4  v/3) 

Xow 

x_l!±^    5'  +  ^-    7-  +  ^rP        _^ 

?> V^V  -  32  +  ^^^  •  3.  +  ^^.2  •  y2  +  ,2 4  ^^^ 

cosh"*  -7j- 

D 

l  +  3tanh2^ 
b 
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this  result  beinor  evident  if  numerator  and  denominator  are 


multiplied  by 
^nd  similarly 

•  •  •    J 

1    ^•"''T 

•4         .     ,  ,  TT.f 

b 

l  +  Bcoth^^ 

Hence 

4 

Q^  3n/3   2v3    2^   2V3 

27r    *  4  *  4  '  4 

l  +  Scotli^-^    l  +  3cotli2^    l  +  3cotb-^''^ 


2  n/3  2  n/3  2  x/3 


This  product  I  sent  to  Mr.  Glaisher ;  and  he  returned  it  reduced 
to  a  product  of  two  theta-fuuctious.  He  proved  the  two  fol- 
lowing identities  : — 

p  _  1  +  ?n  tanh^  6    1  +  m  tanh^  3^    1  +  m  tanh^  50 
^'~         l  +  ??t  l  +  m         '         l  +  m. 


=  Vm«(~) 


and 

p  _  1  +  m coth^ 2^    1  +  m coth^ 46    l  +  mcoth^6^ 
^  ^1  +  ??i  1  +  m  1  +  771 

^     1         /       TT^  Hl'^"  +  K'i 

COSA-V    (2K)3K''*         \    TT  /' 

where 

cos  2,2;=: r  and  2^=77  t^- 

7n  +  l  K 

In  our  present  case 

TT 


«i  =  3  and  0: 


2v/3 
so 


K=  V3K',  k=  sin  75°,  and  .r=  ^- 
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Hence 

P>=\/50(4K),  4p^=\/^h(|K), 

and 
Q=^P,P2=  ^^e(3O°)0i(6O°)  (mod.  angle  75°), 

writing  0i(.t")  for  — ^  H(.f). 

From  the  British-Association  Tables 

W — ^  =  i-4091498986, 

log  0  (30°)  =  i-9223413942, 

log0i(6O°)=  -0491498189; 
so 

logioQ        =1-7528522478, 
or 

Q=r7MG4^^^^*' 
and  the  resistance  of  the  triangle  is 

(f  •«) (^«) 


^       6   ,     /AB 


Manner  in  which  the  image-method  fails  for  an  angle  of  120°. 

§  26.  We  found  in  §  5  that  the  only  isosceles  triangles  which 
could  be  treated  by  the  method  of  images  were  those  with  the 
equal  angles  either  0°,  45°,  60°,  90°,  or  180°  ;  and  of  these  all 
except  the  first  have  been  already  done  in  the  course  of  this 
paper  (§§  23,  25,  19,  10),  and  the  first  shall  be  considered  in 
the  next  section.  But  suppose  we  attempted  the  triangle  with 
equal  angles  30°,  which  is  apparently  a  very  simple  case  ;  the 
images  of  the  source  A  (on  one  of  the  equal  angles)  would  be 
readily  placed  on  the  corners  of  regular  hexagons ;  but  they 
would  be  symmetrically  situated  with  respect  to  the  middle 
line  of  the  triangle,  and  hence  when  the  images  of  the  sink  B 
came  to  be  placed  they  would  coincide  wdth  those  of  A  and 
would  blot  them  all  out  of  the  sheet.  Or  if  we  overlook  this 
and  apply  the  expression  (^)  to  the  images  of  A,  then,  because 
of  their  s^inmetry  with  respect  to  the  triangle,  the  product  Q 
(§§  8  &  22)  will  equal  1  ;  which  can  be  proved  to  be  wrong 
(§  27).  This  failure,  caused  by  the  presence  of  the  angle  120  , 
is  one  that  cannot,  even  apparently,  be  got  over  by  silvering  both 
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sides  of  the  boundaries  (§  4)  ;  for,  in  order  to  arrange  poles  in 
an  unlimited  sliec^t  so  as  to  be  synniietrieal  with  respect  to  all 
three  sides  of  the  triann;le,  it  is  necessary  that  one  and  the  same 
point  shall  l)e  at  the  same  time  both  a  source  and  a  smk.  Dr. 
Henrici  suggests  that  this  is  possible  if  the  plant;  consists  of 
two  leaves,  and  recommends  in  general,  whenever  both  sides  of 
a  boundary  have  to  be  silvered  and  some  of  the  images  are  7'eal 
(that  is,  occur  in  the  given  plate  itself),  that  these  real  images 
be  put  in  another  leaf  of  the  ])lane.  It  seems  just  possible 
that  some  such  contrivance  might  enable  the  image-method  to 
be  applied  to  polygons  whose  angles  are  not  integral  submul- 
tiples  of  TT. 

Empirical  formula  for  the  resistance  of  a  general  isosceles  tri- 
angle.    Poles  on  the  equal  angles. 
§  27.  Consider  a  regular  polygon  of  w  sides,  with  one  electrode 


Fig.  7. 


(radius  p),  A,  fig.  7,  at  its  centre, 
and  with  its  entire  periphery  main- 
tained at  one  potential.  The  re- 
sistance Rn  of  such  a  polygon  to 
radial  flow  is  evidently  something 
between  that  of  its  inscribed  and 
that  of  its  circumscribing  circle  ; 
in  other  words, 

^^glog  — <R„<^^^g    -  p 

Now  the  resistance  R  of  the  isosceles  triangle  ABC 


Joe 


AC 


equals  twice  the  resistance  of  the  triangle  A  0  C,  which  again 
equals  2/i  times  the  resistance  of  the  polygon.     Hence,  writing 

AC  =  AO  sec  CAO = i  AB  sec  -, 


2n  ,     AB 


<R< 


2n  ,      /AB        TT 
— slog  I  — — sec 


'2p 


)■' 


^=,~M~ 


or,  calling  the  angle  CAO  6,  we  may  write  the  resistance  of 
any  isosceles  triangle  with  equal  angles  6, 

2   ,     /AB  J_X 

P  A8)}'      •    ■    •    ■    ^"^ 

where  f(6)  is  something  between  2  cos  6  and  2.  Hence  the 
limit  of  Q  when  the  angles  of  the  triangle  vanish  is  |.  More- 
over when  the  angles  are  dO°,f{0)  must  lie  between  2  and  n/3  ; 
it  cannot,  therefore,  be  1  as  the  product  of  images  (§  26)  would 
lead  us  to  believe. 

Looking  at  the  few  values  of  f{9)  which  are  known,  one 
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45 


mav  notice  how  nearly  they  divide  the  interval  allowed  to  them, 
2  — 2  cos  ^,  in  the   ratio  1  :  3.     The   quantity  which  actually 

does  this  is ;  and  this  quantity  agrees  with  the  known 

values  of  fi&)  to  an  extent  shown  in  the  Table. 


Q. 

m- 

3+  cos  9 
2 

o 
0 

20 

20 

45 

1-854 

1-853 

fiO 

1             1766 

175 

90 

lo7 

1-50 

180 

j             10 

10 

The  maximum  divergence  appears  to  occur  about  when 
^  =  90°. 

The  emi^irical  formula,  then, 

gives  the  resistance  of  any  isosceles  triangle  with  poles  on  the 
equal  angles  Q  with  sufficient  accuracy  for  a  practical  purpose  ; 
and  it  becomes  very  accurate  indeed  when  the  equal  angles  are 
small.     The  value  of  Q  indicated  by  it  for  the  case  ^  =  30°  is 

-.  Qoo/S ;  and  I  venture  to  think  that  the  real  value  will  be  found 

to  differ  from  this  only  in  the  last  place  of  decimals. 

The  resistance  to  the  flow  of  electricity  from  a  central  elec- 
trode of  radius  p  to  the  peripherv'  of  a  regular  polygon  of  n 
sides  is,  to  the  same  degree  of  approximation  as  the  above, 


27r/cS 


IT  J 

3  +  COS  - 
n 


r  being  the  radius  of  the  inscribed  circle. 

§  28.  And  here  I  would  remark  that  the  thickness  (S)  of  the 
plate  in  which  the  flow  takes  place  has  never  been  limited  in 
any  way  :  so  the  plate  may  extend  itself  into  a  cylinder  of  any 
length,  provided  the  point  poles  extend  themselves  into  lines  at 
the  same  time.  Also,  though  we  are  using  the  language  of 
dynamic  electricity  only,  yet  the  resistance  obtained  applies 
equally  well  to  heat  if  we  substitute  hot  and  cold  bodies  for 
sources  and  sinks,  temperature  for  potential,  and  isothermals 
for  equipotential  lines.  Further,  by  reason  of  the  analogv  be- 
tween conducti^-ity  and  inductive  capacity,  we  obtain  at  the 
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same  time  the  inductive  cajiacity  of  a  dielectric  medium  ex- 
posed to  conductors  at  ditiercnt  potentials  which  correspond  to 
the  poles  in  the  dynamic  problem. 

Resistance  of  some  squares  and  right-angled  triangles. 

§  29.  The  forms  assumed  by  the  resistance-expressions 
(§  8)  for  the  case  of  a  square  plate  with  the  poles  in  certain 
definite  positions  may  be  recorded,  together  with  the  products 
which  load  to  them.  The  resistance  seems  always  to  be  of  the 
form 


,^      m  +  n  , 


/AB     2«\ 


(21) 


where  the  poles  A  and  B  are  on  angles  —  and  —  respectively, 

and  where  a  takes  different  values  in  different  cases,  and  is  the 
only  thing  which  varies.     Kq  still  stands  for  the  first  complete 


elliptic  integral  with  modulus 


Fig.  8. 


V2 


B 


For  the  case  represented  in  fig.  8  the  value 
of  a  is  zero,  because  the  resistance  of  such  a 
square  is  just  half  that  of  the  right-angled  tri- 
angle (17)  §  23. 

When  the  poles  are  as  in  fig.  9,  oc=l ;  the 
product  in  (/S)  which  leads  to  the  result  con- 

TTtV 

sists  of  terms  coth"-  ~,  where  .r  takes  the  va- 
lues 2,  4,  6, ...  . 

The  case  of  fig.  10  gives  us  a  =  ^,  the  pro- 
duct being  11  (  coth'-  -^  j,  ^ith  a;  successively 

1,  2,  3,  4,  &c. 

The  case  of  fig.  1 1 ,  being  unsvmmetrical  in 
sources  and  sinks,  requires  the  complete  ex- 
pression (a)  §  8  ;  and,  because  the  pole  at  the 
corner  of  the  square  has  to  be  four  times  as 
strong  as  the  other  in  the  infinite  sheet,  the 
two  factors  inside  the  brackets  of  (a)  occur  to 
different  powers  ;  in  other  words,  calling  the 
factors  Pi  and  Pj,  we  shall  have 

Now  Pi,  the  product  referring  to  the  images  of  the  pole  at  the 
centre,  is  the  old  one  Avhose  value  is  ^  (§  23).     But  the  pro- 
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duct  for  the  images  of  the  corner  pole  will  be  found  to  be 


coth- 


P.= 


/COtJl^i-\ 

where  x  is  to  take  the  successive  values  4,  8,  12, . . .  ,  and  .i/ 

the  values  2,  6,  10, 

Writing  this  product  P2  in  the  form 


tanh  -r- .  tanh  -^ 
2n/2  2  2 


tanh  ~  .  tanh  -^ 


coth  TT .  coth  27r .  coth  Stt  . . 


it  is  brought  into  connexion  Avith  (S)  and  (e)  (§  23);  and  its 
value  is  thus  found  to  be 


/     TT  /      TT  2i 


Hence 


2v2 


Q^=^,orQ=^, 
0  J^o 


In  other  words,  the  resistance  of  a  square  plate  with  the  poles 
arranged  as  in  fig.  11  is  given  by  (21),  if  for  /n  +  ?i  we  read  its 
value  |-,  and  consider  a  equal  to  \. 

One  more  distinct  case  mav  be  mentioned,        yw.  12. 
namely  the  right-angled  triangle  shown  in  fig.  12.  J3 

This  also  requires  two  factors  raised  to  different  >/^\ 

powers  ;  and  the  result  is  the  expression  (21)      ^ — * — ^ 
with  a  =  i.  -^ 

[To  be  continued.] 


V.  Some  Remarhs  on  the  Finite  Integration  of  Linear  Partial 
Deferential  Equations  icith  constant  Coefficients.  By  the 
Rev.  S.  Eaenshaw,  M.A. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

Gentlemen, 

IN  your  Magazine  for  June  1849  you  kindly  printed  a  short 
paper  of  mine  '"'  On  the  Transformation  of  Linear  Partial 
Differential  Equations  with  constant  Coeflicients  to  Funda- 
mental Forms,"  in  which  I  promised  to  make  "  in  a  future 
communication  a  few  remarks  on  the  finite  integration  "  of 
^equations  of  the  second  order  with  two  or  three  independent 
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variables.     With  your  permission  I  will  now  fulfil  that  pro- 
mise. 

In  the  communication  referred  to  it  was  shown  that  those 
two  classes  of  equations  can  by  a  change  of  variables  be  reduced 
to  the  following  fundamental  forms  : — 

/i\       ^"  — .  *')\     ^^'^    _dii  „,    dhi   _d'u 


(Pa 
dx' 

dii 

da 
d'z'' 

(5) 

(A\       (P}^_du  x-s        d?u   ^cPu        du 

^^     dTd^^dl'         ^^     d7d^~dz^^''d~z' 

so  that  if  we  can  succeed  in  integrating  these  forms,  then  we 
may  consider  the  general  linear  partial  differential  equations  of 
the  second  order,  Avith  two  or  three  variables  and  with  constant 
coefficients,  to  have  been  integrated.  When  certain  relations 
among  the  coefficients  exist  the  finite  integration  is  easy  ;  but 
in  other  cases  the  difficulty  of  finite  integration  was  never  over- 
come. I  propose  to  point  out  the  cause  of  the  difficulty  which 
occurs. 

1.  If  U  be  an  integral  in  finite  terms,  then  are  also    ,-  j  -j-; 

and  if  U  be  differentiated  any  number  of  times  with  regard  to 
the  independent  variables,  the  results  will  be  integrals  also. 
Consequently  from  any  one  integral  we  can  deduce  an  unli- 
mited number  of  other  integrals  ;  and  all  these  must  be  included 
with  U  in  the  general  integral ;  and  each  must  stand  therein 
multiplied  by  a  separate  and  independent  arbitrary  constant. 
And  if  so,  how  is  their  sum  to  be  gathered  into  a  finite  form  ? 
Surely  the  arbitrary  constants  will  be  an  insuperable  barrier 
to  finiteness  of  expression. 

2.  Again,  if  U  contain  in  the  body  of  it  an  arbitrarv  con- 

^  ^   ^,     .,,  d\]  cp\j  d'u    ,    .  .    .   . , :.    , 

stant  c,  then  will  — x— ?  -t^j  -r^, ...  be  conitegrals  with  L ,  and 
'  dc     dr     d(f  ^  ^ 

their  sum,  each  multiplied  with  an  arbitrary  constant,  must 

enter  into  the  general  integral ;  so  that,  as  before,  we  have  what 

appears  to  be  an  insuperable  barrier  to  finiteness  of  expression. 

3.  If  U  be  expanded  in  a  series  in  powers  of  c,  each  coeffi- 
cient of  its  powers  will  be  an  integral,  and  we  have  again  the 
same  difficulty  repeated.  Thus  there  are  three  impediments, 
any  one  of  which  seems  to  be  an  iiisu2)erable  barrier  to  finite- 
ness of  expression. 

An  example  will  make  this  clear.     Let  us  take  the  equation 

-r^,  =  -T-.     A  known  integral  of  this  equation  is 
dx"      dy  ®  ^ 

F(ar,y)  =  A6-'-^^y (1) 

If  this  be  differentiated  any  number  of  times  with  regard  to 
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the  independent  variables  no  noA'  integral  results  from  it,  and 
consequently  the  integral  before  us  evades  by  its  form  the  diffi- 
culty to  finiteuess  stated  in  (1).  But  if  it  be  differentiated 
with  regard  to  c,  Ave  obtain  an  infinite  series  of  dissimilar  inte- 
grals ;  and  when  each  has  been  multiplied  by  an  arbitrary 
constant  the  sum  of  the  series  will  not  be'oxpressible  in  a  finite 
form ;  so  that  the  diifieulty  stated  in  (2)  holds  good  here. 

Again,  if  the  above  integral  be  expanded  in  a  series  accord- 
ing to  the  powers  of  c,  the  coefficients  of  these  powers  will  be 
unlimited  in  number,  and  each  of  them  will  be  an  integral  and 
finite  in  form,  as  follows  : — 


1; 


1'   1.2  '  1'   1.2.3  ""LI' 

1.2.3.4  '  1.2. 

4-    ^%  &c 

'1.2' 

(2) 


Hence  the  general  integral  of  the  equation  must  include  the 
following  infinite  series  of  independent  integrals, 

and  it  is  at  once  evident  that  this  series  cannot  be  summed,  by 
reason  of  the  arbitrary  multipliers  of  its  terms. 

Thus  it  is  clearly  seen  to  be  a  hopeless  task  to  seek  for  a 
finite  integral  of  any  of  the  five  equations  mentioned  above  ; 
and  it  is  evident  that  the  difficulty  arises  directly  out  of  their 
property  of  linearity. 

Some  few  years  ago  I  discovered  that  the  equation,  above 
quoted  as  an  example,  admits  of  an  integral  of  the  form 

_  «« 
F(x,i/)  =  A^j-h  4y; (3) 

and  thus  we  have  two  integrals,  (1)  and  (3),  of  one  equation 
which  are  as  distinct  in  form  as  can  well  be  conceived  ;  besides 
which  we  have  an  unlimited  number  of  other  distinct  integrals 
of  the  same  equation  in  (2).  It  has,  in  consequence  of  this 
curious  abundance  of  distinct  integrals  of  the  same  equation, 
appeared  to  me  a  vrorthy  object  to  ascertain  the  nature  of  the 
connexion  existing  among  them,  and  to  what  their  abundance 
and  distinctness  are  due.  I  believe  I  have  completely  suc- 
ceeded in  this  object,  and  that  I  have  been  enabled  thereby  to 
find  the  various  integrals  which  each  of  the  five  fundamental 
difterential  equations  can  have  in  finite  forms.  The  investiga- 
tions are  too  long  for  your  Magazine  ;  and  I  propose  therefore 
to  commit  them  to  the  press  for  private  circulation  among  such 
mathematicians  as  may  desire  to  possess  them. 

Sheffield,  May  31, 1876. 

FhlL  Mag.  S.  5.  Vol.  2.  No.  8.  Jxdy  1876.  E 
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VI.  A  Contnlnd'ion  to  the  History  of  the  Old  Snlplmr  Well^ 
Harrogate.  By  T.  E.  TnourE,  Flil).,  F.R.S.,  Professor  of 
Chemistry  in  the  Yorkshire  College  of  Science,  Leeds*. 

ED]\IUND  DEAN,  "  Doctor  in  Physick,  Oxon.,  dwelling 
in  York,"  first  drew  public  attention  to  the  virtues  of 
this  famous  spring,  in  his  Spandarine  Anylica,  published  in 
1G26. 

"  The  waters  of  this  sulphureous  fountain,"  he  says,  "  are 
very  cold,  and  have  no  manifest  heat,  because  their  mines  and 
veins  of  brimstone  are  not  kindled  under  the  earth,  being 
hindered  from  the  mixture  of  salt  therewith."  We  are  further 
told  that  although  such  as  drank  the  water  verily  believed 
there  was  gunpowder  in  it,  there  could  be  little  doubt  of  its 
efficacy  against  "  reef  and  fellon,"  "  moi-phew,  tettars  and  the 
like."  Its  attributes  are  more  fully  set  forth  by  Dr.  Michael 
Stanhope  in  his  '  Cures  without  Care,  being  a  Summons  to  all 
such  as  find  little  or  no  keep  by  the  use  of  Physick,  to  repair 
to  the  Northern  Spaw,  &c.,'  published  in  1632  ;  and  since  that 
time  the  merits  of  "  its  most  foetidly  salutory  vapours  "  (to  use 
Pennant's  phase)  have  been  repeatedly  extolled.  Although 
it  came  into  use  some  time  after  the  chalybeate  springs  in 
the  neighbourhood,  it  would  seem  that  when  trials  of  its 
virtues  came  to  be  made,  the  well  speedily  acquired  the  pre- 
eminence which  it  now  enjoys.  Dr.  Short,  so  far  back  as 
1734,  described  the  "stone-basin  enclosed  in  a  small  neat 
building  of  stone  and  lime,  about  a  yard  square  on  the  inside 
and  nearly  two  yards  high,  covered  over  with  two  thick 
smooth  flagstones,"  wdiich  still  remains  under  the  present 
pump-room. 

The  strongly  marked  character  of  the  Avtitor,  its  regular 
flow,  and  the  apparent  uniformity  of  its  composition,  together 
with  its  undoubted  therapeutic  action,  must  have  made  it  an 
object  of  curiosity  even  in  very  early  times  ;  and  doubtless 
many  trials  were  made  to  gain  an  insight  into  its  nature. 
The  first  attempt  at  its  quantitative  analysis,  of  which  any 
record  has  been  preserved,  was  made  by  Dr.  Higgins  in  1780 ; 
he  thus  stated  his  results  : — 

oz.    d.    grs. 
"A  Winchester  gallon  of  Harrogate  "j 

water  contains  of  calcareous  earth  !<     0     1   \2\ 
saturated  with  acidulous  gas  .     .  j 
Marine  salt  of  magnesia       ...        04  23^ 
Sea-salt 1     7  12^ 

1  14     0 
*  Read  before  the  Priestley  Club,  Leeds.  Communicated  by  the  Author, 
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"  It  moreover  contains  four  measures  of  acidulous  gas  be- 
yond the  quantity  retained  by  the  calcareous  earth  in  the  heat 
of  boiling  water,  and  thirty-five  ounces  of  foetid  iutlammable 
gas,  such  as  may  be  extricated  from  calcareous  liver  of  sulphur 
by  vitriolic  acid." 

The  quantity  of  solid  matter  above  given  is  equal  to  831 
grains  in  the  imperial  gallon ;  it  is  probably  underestimated. 
A  more  accurate  analysis  was  made  in  1783  by  Dr.  Joshua 
Walker  ;  a  full  account  of  his  method  of  operating  and  of  his 
results  is  published  in  his  treatise  on  the  spring*.  He  found 
that  it  contained  15  drachms  of  common  salt  and  26  grains  of 
calcareous  earth  in  the  "wine  ofallon,  amountinor  in  all  to 
1111*2  grains  in  the  imperial  gallon — no  very  great  difference 
from  its  total  solid  contents  at  the  present  time.  If  by  cal- 
careous earth  is  meant  the  carbonates  of  lime  and  magnesia 
precipitated  on  evaporation,  the  number  agrees  fairly  well 
^\\i\x  the  present  quantity  of  these  bodies  contained  in  the 
water.  Among  the  other  constituents  are  mentioned  "  hepar 
sulphuris,"  "  a  small  quantity  of  selenites,"  and  "  sulphurous 
vapour  in  very  large  projjortion."  Dr.  G-arnett,  who  examined 
the  spring  in  1791,  also  mentions  sulphates  to  the  extent  of 
13*1  grains  of  maguesiTmi  sulphate  to  the  imperial  gallon.  If 
we  may  credit  these  statements,  it  is  certain  that  the  spring 
must  have  experienced  at  least  one  remarkable  change  during 
its  history  ;  for  not  a  trace  of  sulphuric  acid  can  now  be  de- 
tected. In  Dr.  Hofmann's  analysis  made  in  1853,  calcium 
sulphate  is  mentioned  to  the  amount  of  two  tenths  of  a  grain  ; 
but  it  is  not  at  all  improbable  that  the  minute  quantity  of 
sulphuric  acid,  equal  to  about  a  milligramme  in  the  litre,  cor- 
responding to  this  amount  of  the  lime-salt,  might  have  been 
formed  by  the  oxidation  of  sulphuretted  hycb'ogen  subsequent 
to  the  time  of  collection.  JS^o  other  analyst,  either  before  or 
since,  makes  mention  of  sulphates.  Mr.  West,  who  made  a 
careful  examination  of  the  water  in  1823,  speaks  positively  as 
to  their  absence :  "  with  salts  of  bar^-tes  [he  employed  the 
chloride,  nitrate,  and  acetate]  prepared  by  other  chemists,  as 
well  as  with  my  own,  not  the  slightest  cloud  was  produced  "f. 
It  is  doubtful,  indeed,  if  sulphates  have  been  present  in  the 
water  at  any  period  of  its  existence.  The  analysis  given  by 
Dr.  Hunter  in  his  treatise  on  the  Harrogate  waters  (published 
in  1830)  was  evidently  made  vdxh.  care;  and  some  of  the 
numbers,  especially  those  for  the  chlorine  and  soda  and  total 

*  An  Essay  on  the  "Waters  of  Harrogate  and  Thorp-arch.     By  Joshua 
Walker,  M.D.,  Physician  to  the  Leeds  Infirmary,  1784. 
t  Quart.  Journ.  vol.  xv.  p.  82. 
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solid  matior,  jifrrec  closoly  with  tho  determinations  of  later 
analysts*.  Tlu'  totiil  voluino  of  tho  dissolved  gjises  in  tho 
imperial  ijjallon  was  estimated  by  Dr.  Hunter  at  34  cubic  inches, 
anil  by  Mr.  West  at  3G*4  cubic  inches. 

The  true  chemical  history  of  tho  sprino;  may,  however,  bo 
said  to  date  from  Dr.  Hofmann's  analysis,  made  nearly  a 
tpiarter  of  a  century  ago  f.  His  examination  first  made  known 
with  cerrainty  tho  [)roper  nature  and  proportion  of  the  consti- 
tuents of  the  water  ;  it  is  therefore  only  since  1853  that  we  Ciin 
determine  with  accuracy  the  character  and  extent  of  the  changes 
which  have  taken  place.  The  existence  of  barium  and  stron- 
tium in  the  water  was  first  stated  by  Mr.  Hayton  Davis  in 
186G  X;  he  has  since  made  a  number  of  observations,  extend- 
ing over  the  year  1872,  to  determine  the  effect  of  the  seasons 
on  the  spring  §.  An  analysis  was  also  made  by  the  late  Dr. 
Muspratt  in  1867  ||.  In  the  main  his  results  agree  closely 
with  those  of  Dr.  Hofmann. 

The  water,  the  analysis  of  which  forms  the  main  subject  of 
the  present  communication,  was  collected  in  the  early  part  of 
August  1875.  When  drawn  from  the  Avell  it  was  perfectly 
clear  and  colourless,  smelled  strongly  of  sulphuretted  hydro- 
gen, and  had  a  decided  alkaline  reaction.  When  shaken  it 
formed  small  pearly  bubbles,  and  in  a  few  hours  became  tur- 
bid from  the  separation  of  sulphur.  After  standing  for  some 
time  it  again  became  clear  and  accjuired  a  faint  yellow  tinge ; 
this  change,  which  occurs  more  rapidly  on  warming  with  free 
exposure  to  air,  is  due  to  the  formation  of  an  alkaline  bisul- 
phide. The  rate  of  the  flow  of  the  spring  was  estimated  at 
30  gallons  in  the  hour.  The  temperature  of  the  water  at  the 
time  of  collection  was  10^  C.  (50°  F.)  ;  in  April  1870  it  was 
8°  C.  (4(r-5  F.).  Mr.  Davis  has  already  noticed  similar  vari- 
ations ;  according  to  his  observations  its  mean  temperature 
in  1872  was  9°-4  C.  (48°-9  F.).  Dr.  Hofmann  in  1853  ob- 
served 9°  C.  (48°-2  F.).  Dr.  W^dker  in  1783  also  observed 
48°  F. 

The  specific  gravity  of  the  Avaterat  16°*8  C,  compared  with 
distilled  water  at  the  same  temperature,  was  1011'04;  this 
number  agrees  closely  with  the  observations  of  Dr.  Hofmann 
and  Mr.  Davis. 

The  following  substances  were  found  to  be  present  in  deter- 

*  Treatise  on  the  Mineral  Waters  of  Harrogate,  kc.  By  Adam 
Hunter,  M.D.  (1830). 

t  "Chemical  Analysis  of  the  Medicinal  Waters  of  Han-ogato/' Joum. 
Chem.  Soc.  vol.  vii.  p.  161. 

X  Chem.  News,  1866.  §  Jouru.  Chem.  Soc.  1873. 

II  Chem.  News,  1867. 
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minable  quantities : — 

Potash.  Chlorine. 

Soda.  Bromine. 

Ammonia.  Iodine. 

Lithia.  Carbonic  acid. 

Baryta.  Sulphur. 

Lime.  Silicic  acid. 
Magnesia. 

In  addition  were  minute  traces  of  strontia,  fluorine,  phos- 
phoric acid,  alumina,  and  organic  matter.  A  special  examina- 
tion, made  by  means  of  the  spectroscope,  of  the  alkaline 
chlorides  obtained  from  the  chloroplatinates  from  the  residue 
of  10  litres  of  the  water,  failed  to  reveal  the  presence  of  thal- 
lium, caesium,  or  rubidium. 

In  the  quantitative  analysis  at  least  two  determinations  of 
each  principal  constituent  were  made.  The  results  are  as 
follows : — 

Parts  per  1000. 

1.  Fixed  constituents  dried  atl70°-190°  14-7940 

2.  Chlorine 8-6724 

3.  Bromine 0-02805 

4.  Iodine 0-00146 

-  5.  Carbonic  acid  (total) 0-5003 

6.  Lime  and  barvta  together     ....  0-6154 

7.  Magnesia  (total) 0-3368 

8.  Lime  and  baryta  in  boiled  water    .     .  0*3795 

9.  Lime  precipated  on  boiling  : — 

Total  lime  and  baryta 0*6154 

Lime  and  baryta  retained  in  solution 

on  boiling 0*3795 

Lime  precipitated  on  boiling  .     .     .     0*2359 

Equal  to  calcium  carbonate    .     .     .  0*4206 

10.  Lime  retained  in  solution  after  boiling : — 

Lime  and  baryta 0*3795 

Deduct  baryta 0*0683 

Lime 0*3112 

11.  Baryta  0*0683 

12.  Lithium  chloride 0*01064 

13.  Potassium  chloride 0*13553 

14.  Sodium  chloride  (total) 12*7034 

15.  Ammonium  chloride 0*01457 

16.  Silica 0*0099 
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17.  Determination  of  total  Sulphur. — A  known  quantity 
of  the  water  was  mixed  with  bromine  iinmcdiutcly  after  hcin^ 
fciken  from  the  sprin;^.  After  standing  the  barium  sulphate 
formed  was  filtered  otf  and  weighed. 

Water  taken.  BaSO,  obtained.         S  in  1000  grains. 

1028-09  grams.  0-1078  gram.  0-0144 

1037-05    „  0-1070    „  ^!:<>^1 

Mean  ...  0-0~143 

Barium  chloride  was  added  to  the  filtrates. 

Water  taken.  liaSO^  obtained.        S  in  1000  prams. 

1028-69  grams.  0-5834  gram.  0-0780 

1037-05      „  0-5884  '    „  0-0780 

Mean  ...  0-0780 
Total  sulphur  =  0-0923 

18.  Determination  of  Suljyhur  o.vidizahle  hy  Iodine  solution. 
— These  determinations  wer(i  made  at  the  well  in  the  usual 
manner,  with  standard  iodine  solution  and  starch  (1  cub.  centim. 
of  the  iodine  solution  contained  0-00118  gram  1). 

Water  taken.  Iodine  solution  needed. 
50-50  grams.  31-5  cub.  centims. 
50-50      „         31-4         „ 

50-50       „  31-1  „  In  1000  grams. 

50-50      „         31-5         „  Mean  31-4  cub.  cent.  =  -0923  S. 

It  is  evident,  from  the  absohite  agreement  between  the  results 
of  the  two  independent  methods  of  determining  the  sulphur, 
that  no  thiosulphate  can  be  present. 

19.  Determination  of  the  Sulphur  as  Hydrogen  Sidphide,  and 
an  Alkaline  Sulphide. — A  considerable  amount  of  discussion  has 
occurred  respecting  the  manner  in  which  the  sulphur,  perhaps 
the  chief  remedial  agent  in  the  water,  is  contained  in  it.  It 
would  seem  to  be  certain  from  the  above  determinations  that 
it  exists  entirely  as  a  sulphide,  either  as  hydrogen  or  alkaline 
sulphide,  or  more  probably  in  both  forms.  Dr.  Bennett,  in 
his  '  Treatise  on  the  Sulphureous  Springs  of  Harrogate,'  pub- 
lished in  1843,  states  that  no  free  sulphuretted  hydrogen  is 
present  in  this  water,  but  that  all  the  sulphur  exists  in  com- 
bination with  calcium  and  sodium ;  and  in  all  the  analyses 
which  have  been  made  subsequent  to  that  time  the  sulphur 
has  been  calculated  to  sodium  sulpliide  or  sulphydrate.  Dr. 
Bennett  based  his  conclusions  on  the  obser\ations  that  no 
arsenic  sulphide  Avas  precipitated  on  the  addition  of  a  solution 
of  arsenious  oxide  to  the  water.  This  test,  however,  is  falla- 
cious, inasmuch  as  any  arsenic  sulphide  which  might  be  formed 
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would  be  retained  in  solution  by  the  alkaline  sulphide  which 
Dr.  Bennett  inferred  was  alone  present.  It  is  quite  certain 
that  a  portion  of  the  sulphur  in  the  water  exists  as  free  sul- 
phuretted hvch'ogen. 

In  order  to  determine  the  ratio  between  the  dissolved  gas 
and  the  alkaline  sulphide  present,  I  followed  the  procedure 
adopted  by  Simmler  in  his  analysis  of  the  Stachelberg  sulphur- 
water,  of  expelling  the  hydrogen  sulphide  by  a  current  of  an 
indifferent  gas,  such  as  hydrogen,  and  passing  the  escaping 
gas  thi'ough  an  ammoniacal  solution  of  silver  nitrate,  convert- 
ing the  precipitated  sulphide  into  chloride,  and  determining 
the  amount  of  sulphur  from  the  weight  of  the  latter  compound. 
The  operation  (which  extended  over  about  twenty  hours)  was 
conducted  immediately  after  the  collection  of  the  water,  and 
before  it  had  suffered  the  slightest  exposure  to  air.  Two  ex- 
periments were  carried  on  simultaneously.  The  results  are  as 
follows : — 

Water  taken.        AgCl  obtained.  Dissolved  H^  S  in  1000  grams. 

1363*26  grams.      0"6271gram.  0*0544 

1355-75     „  0-5962     „  0-0521 

Mean  ...  0-0533 

Determination  of  alkaline  sulphide. 

Total  sulphur  .     .     =  -0923 

Equal  to  H.S      ....     =-0980 

Deduct  free  Hg  S      ...         -0533 

CombmedHaS    ....     =-0447 
=  XaHS    -07369. 

Search  was  made  for  carbon  oxysulphide,  which,  according 
to  Than,  appears  to  exist  in  certain  Hungarian  sulphur  waters. 
The  method  of  testing  was  based  upon  the  fact  that  when 
carbon  oxysulphide  is  led  into  solution  of  ammonia,  ammonium 
oxysulphocarbamate,  NH2  COSXH4,  is  formed,  and  that  when 
the  solution  of  this  salt  is  heated  to  100°  in  sealed  tubes  it 
loses  the  elements  of  water  and  is  converted  into  ammonium 
sulphocyanate,  the  existence  of  which  is  readily  demonstrated 
by  the  blood-red  coloration  it  affords  with  fei'ric  chloride. 
The  gases  evolved  by  boiling  2  litres  of  the  recently  collected 
water  were  led  into  dilute  ammonia  ;  and  the  ammoniacal  solu- 
tion, after  concentration,  was  heated  as  above  described.  The 
residue  left  on  evaporation  gave  not  the  slightest  indication 
of  the  presence  of  a  sulphocyanate. 

The  results  of  the  analysis,  arranged  in  the  conventional 
mode  of  representing  the  state  of  combination  of  the  various 
acids  and  bases,  are  as  follows : — 
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Barium  chloride 
Strontium  clilorido 
Calcium  chloride    . 
Calcium  fluoride     . 
Calcium  phosphate 
Magnesium  chloride 
Potassium  chloride 
Lithium  chloride    . 
Ammonium  chloride 
Sodium  chloride 
Sodium  sulphydratc 
Magnesium  bromide 
Magnesium  iodide 
Calcium  carbonate 
Magnesium  carbonate 

Silica        

Alumina  and  orcranic  matter 


1 1000  grame. 

In  1  gallon 

(Trams. 

grains. 

0-0*J277 

6-566 

traces 

traces 

0-61649 

43-635 

traces 

traces 

traces 

traces 

0-68212 

48-281 

0-13553 

9-592 

0-01064 

0-753 

0-01457 

1-031 

12-62657 

893-670 

0-07369 

5-215 

0-0322(5 

2-283 

0-00160 

0-113 

0-42061 

29-768 

0-08410 

5-953 

0-00991 

0-701 

traces 

traces 

14-80086      1047-561 


Amount  of  soluble  matter  obtained  bv  direct  evaporation 
and  dried  at  170°-190°,  14-7940  grams  in  1000  grams. 

The  amount  of  the  solid  matter  obtained  by  direct  evapora- 
tion is  slightly  lower  than  that  calculated  from  the  several 
results  of  the  anal^'tical  operations.  This,  indeed,  was  to  be 
expected  from  the  character  of  certain  of  the  constituents.  Tlie 
magnesium  salts  tend  to  become  basic  on  dning :  and  the  am- 
monium  salt  and  the  alkaline  sulphydratc  would  be  decomposed. 

It  has  not  been  thought  necessary  to  ascertain  the  amount 
and  nature  of  the  gases  expelled  from  the  water  by  boiling.  Such 
determinations  have  in  great  measure  lost  their  significance 
since  Dr.  Jacobsen  and  Mr.  Buchanan  have  shown  that  the 
saline  matter  in  the  water  interferes  greatly  with  the  complete 
expulsion  of  the  dissolved  gases.  The  amounts,  however,  of 
free  carbon  dioxide  and  hydrogen  sulj^hide  (the  most  important 
of  the  gaseous  constituents)  are  readily  deduced  from  the  ana- 
lytical results.     They  are  as  tbllows  : — 

"\'ol.  of  dissolved  gases  at 

10°  and  700  millims.  in  1000  grams.  lu  1  gallon. 

Sulphuretted  hydrogen     36-28  cub.  cent.     10-16  cub.  in. 

Carbon  dioxide  .     .     .  143-17         „  40-10       „ 

Almost  exactly  one  half  of  the  total  amount  of  carbon  dioxide 
in  the  water  is  in  a  state  of  combination,  the  other  half  being 
free  or  existing  as  the  so-called  acid  carbonates.  The  volume 
of  the  free  gases  thus  formed  is  considerably  larger  than  is 


Old  Sulphur  Well,  Harrogate. 


57 


obtained  by  the  method  of  ebullition,  although  the  ratios  of 
the  amounts  of  the  gases  agree  closely  with  the  observations 
of  Hofmann  and  Muspratt  (see  Table),  Avhich  seems  to  afford 
proof  of  the  retentive  action  exerted  by  the  dissolved  saline 
matter. 

The  folio-wing  Table  exhibits  the  results  in  grains  per  gallon 
of  the  principal  analyses  which  have  been  made  of  the  water 
of  the  Old  Sulphm-  Well.  It  has  been  arranged  to  show  the 
various  constituents  independently  of  the  views  entertained  by 
the  analysts  as  to  the  particular  manner  of  their  combination 
in  the  Avater.  We  are  thus  enabled  to  trace,  with  a  certain 
degree  of  probability,  the  nature  of  the  changes  which  the 
spring  has  experienced  from  time  to  time. 


Analyst  

Walker. 
1873. 

West. 
1823. 

Hunter. 
1830. 

Davis. 
1872. 

Thorpe. 
1875. 

1853.    !     is'i??/ 

Temp 

48°  F. 

1013'24 

4S°-2F. 
1011-13 

48°-  9  F. 
1011-16 

48°-2F. 
101104 

Lime  

Magnesia    

1111-2 

398 
14-7 

484-0 
623-9 

absent 
1024-8 

36-4 

43-5 
180 

471-0 
C080 

absent 
10100 

34-0 

48-243 
23-446 

33-'869 

4  74 -054 
650-384 

trace 
trace 
6-353 

0  241 
0101 

1095-919 

531 
2203 
3609 

46-233 
27-392 
3-68 
trace 
44-165 

470-635 
654-908 

trace 
trace 
6-737 

absent 

1108-781 

7-01 
25-55 

615  62 
6  412 

104656 

38-697 

23-839 

4-833 

0-266 

6-063 

0-328 

477-022 

613-770 

1-985 

0103 

6-532 

35-404 

0-703 

absent 

1047013 

10-16 
40-10 

Lithia 

Potash    ..  ...... 

Ammonia   

Soda   

Bromine 

Iodine     

Sulphur 

Carbon  dioxide 
Silica  

Sulphuric  acid . 
Residue      on  1 

evaporation  J 
FreeH,S  

„     CO2   

Total  in  cub.  in. 

Although  it  is  undoubtedly  clear  that  the  general  composi- 
tion of  the  water  has  experienced  no  very  material  alteration 
during  the  past  100  years,  it  would  seem  to  be  equally  certain, 
even  after  making  every  allowance  for  experimental  error  and  im- 
perfection in  analytical  methods,  that  certain  well-marked 
changes  have  occurred  during  that  time.  It  would  appear  that 
the  amount  of  soluble  matter  in  the  water  suiFered  a  gradual  de- 
crease from  1783  to  1830  ;  afterwards  it  increased  until  1867, 
since  which  time  it  has  again  become  less.  The  close  agree- 
ment between  the  numbers  given  by  Mr.  Davis  and  those 
afforded  by  the  analysis  of  the  water  collected  in  August  last, 
clearly  shows  that  it  has  experienced  very  little  change  during 
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tho  last  threo  yoars.  As  coinpnrod  with  the  composition  in 
1853  and  1(S()7,  tho  most  striking  diftVronce  is  exhiljitod  in 
tlie  quantity  of  potash,  which  is  h\ss  than  one  seventh  of  the 
amount  ob.ser\ed  in  the  latter  year.  The  amount  of  lime  is 
also  considerably  less  ;  and  the  diminution  in  both  constituents 
is  accompanied  by  a  corresponding  decrease  in  the  amount  of 
chlorine.  The  amount  of  barium  salt  in  the  water  is  un- 
usually large,  and  appears  to  be  increasing.  So  far  as  is 
known,  no  mineral  springs  in  this  country  or  on  the  Continent 
contain  so  large  a  proportion  of  this  substance  as  the  Harro- 
gate waters.  The  quantity,  indeed,  in  the  Old  Sulphur  Well  is 
as  large  as  the  entire  amount  of  soluble  matter  contained  in 
many  of  the  waters  used  for  domestic  supply  in  our  towns. 
So  potent  an  agent  present  in  such  large  proportion  must  un- 
doubtedly exercise  considerable  influence  on  the  therapeutic 
action  of  the  water  ;  and  therefore  it  is  highly  desirable  that 
the  determination  of  its  amount  should  be  repeated  from  time 
to  time. 

VII.    Remarkable  Atmosjyheric  Phenomena  in   Ceylon.      By 
the  Eev.  R.  Abbay,  M.A* 

OXE  of  the  most  startling  and  extraordinary  of  all  atmo- 
spheric phenomena  may  be  seen  during  fine  weather 
from  the  summit  of  Adam's  Peak  in  Ceylon.  Tliis  mountain 
rises  extremely  abruptly  from  the  low  country,  and  by  its 
elevation  of  7200  feet  above  the  sea  commands  a  most  exten- 
sive and  map-like  ^-iew  of  all  the  low  lands  to  the  south-west 
and  north-west  for  a  distance  of  50  miles  or  more  up  to  the 
sea  coast.  The  upper  part  of  the  mountain  is  an  acute  cone 
of  solid  rock,  some  2000  feet  or  more  in  height,  that  rises  in 
perfect  isolation  above  the  range  of  which  it  forms  a  part,  and 
also  above  all  the  neighbouring  mountains  to  the  east  and 
north.  The  phenomenon,  which  is  described  by  all  who  have 
>\-itnessed  it  as  of  the  most  striking  character,  is  seen  at  sun- 
rise, and  consists  apparently  of  an  enormous  elongated  shadow 
of  the  mountain  projected  to  the  westward,  not  only  over  the 
land  but  over  the  sea,  to  a  distance  of  70  or  80  miles.  As 
the  sun  rises  higher  it  rapidly  a})i)roaches  the  mountain,  and 
appears  at  the  same  time  to  rise  before  the  spectator  in  the 
form  of  a  gigantic  pyramid  of  shadow.  Distant  objects,  a 
hill  or  a  river  (or  even  Colombo  itself,  at  a  distance  of  45 
miles),  may  be  distinctly  seen  through  it,  lighted  up  by  the 
sunhght,  diffused  most  probably  by  the  surrounding  illumiiiated 
atmosphere ;  so  that  the  shadow  is  not  really  a  shadow  on  tho 
•  Commuuicated  by  the  Physical  Society  (read  May  27). 
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land,  but  a  veil  of  darkness  suspended  between  the  observer 
and  the  low  country.  All  this  time  it  is  rapidly  rising  and 
approaching,  and  each  instant  becoming  more  distinct,  until 
suddenly  it  seems  to  fall  back  on  the  spectator,  like  a  ladder 
that  has  been  reared  beyond  the  vertical ;  and  the  next  instant 
it  is  gone.  Of  the  accuracy  of  the  above  facts  I  have  no 
doubt  whatever.  A  groat  number  of  trustworthy  witnesses 
have  described  it  to  me ;  and  but  for  a  sudden  attack  of  fever 
at  the  foot  of  the  peak,  which  prevented  an  ascent  being  made 
in  the  evening,  I  should  have  been  able  to  describe  it  from 
personal  observation.  As  it  was  I  ascended  next  day  and  was 
able  to  form  a  very  good  idea  of  the  conditions  under  which 
the  phenomenon  takes  place  ;  but  I  was,  of  course,  unable  to 
obtain  accurate  data  as  to  the  duration  of  the  veil,  the  height 
to  which  its  apex  rises  above  the  horizontal,  the  elevation  of 
the  sun,  &c.  If  I  am  right  in  supposing  that  no  explanation 
has  ever  been  offered  of  this  remarkable  appearance,  the  follow- 
ing remarks,  which  ajipear  to  be  fairly  satisfactory,  may 
perhaps  not  be  uninteresting.  The  average  temperature  at 
night  in  the  low  country,  during  the  dry  season  when 
Europeans  ascend  the  mountain,  is  between  70°  and  80°  F., 
whilst  that  on  the  summit  of  the  peak  is  from  30°  to  40°  F. 
Consequently  the  lower  strata  of  air  are  much  less  dense  than 
the  upper  ;  and  an  almost  horizontal  ray  of  light  passing  over 
the  summit,  must  of  necessity  be  refracted  upwards  and  suffer 
total  internal  reflection  as  in  the  case  of  an  ordinary  mirage. 
This  may  be  readily  seen  by  a  reference  to  fig.  1,  where  a 


nearly  horizontal  ray  passing  over  the  summit  of  the  peak  P 
suffers  total  internal  reflection  at  A,  and  is  deviated  upwards 
in  the  direction  A  B  ;  or  when  a  less  horizontal  ray  is  refracted 
at  C,  reflected  at  D,  and  refracted  again  at  E,  it  finally 
issues  along  the  line  E  F.  It  will  be  evident  from  fig.  1  that 
the  shaded  parts  represent  the  veil  of  darkness  at  three  dif- 
ferent moments  of  time,  and  also  that  the  veil  appears  to  rise 
as  its  base  approaches  the  mountain,  i.  e.  as  the  sun  rises  and 
the  rays  fall  less  horizontally. 

By  referring  to  fig.  2  it  will  be  seen  how  the  aerial  shadow 
of  the  upper  part  of  the  peak,  i.  e.  the  pai't  above  A  B,  suffers 
total  internal  reflection,  and  is  throAvn  upwards  into  the  air  as 
C  E  D.     It  will  also  be  evident,  by  comparing  the  two  figures, 
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iliat  as  tLe  voil  of  darkness  approaches  it  must  tend  to  assume 
a   more  vertical    position  until  it  reaches  the  critical  angle 

Fig.  2. 


•when  total  internal  reflection  ceases  and  the  veil  suddenly  dis- 
appears. Its  ajiparent  tilting  over  on  the  spectator  I  imagine 
to  be  merely  an  illusion  })roduced  by  the  rapid  apj)roach  and 
rising  of  the  dark  veil  Avithout  any  gradual  disajijx^arance 
■which  can  be  watched  and  estimated.  It  Avill  be  evident  that 
it  is  the  illumination  of  the  innumerable  jiarticles  floating  in 
the  atmosphere,  and  capable  of  reflecting  light,  that  causes  this 
aerial  shadow  to  be  visible  by  contrast. 

Another  atmospheric  phenomenon  visible  in  Ceylon,  of 
great  interest  but  not  so  striking  in  character  as  the  above, 
admits  of  an  equally  simple  explanation.  Not  unfrequently  in 
the  mountain  districts  broad  beams  apparently  of  bluish  light 
may  be  seen  extending  from  the  zenith  downwards,  converging 
and  narrowing  as  they  approach  the  horizon.  This  ray-like 
appearance  is  very  similar  to  that  seen  before  sunrise ;  only  the 
])oint  from  which  the  rays  proceed  is  opposite  the  sun :  the 
rays  themselves  are  very  broad  and  blue  in  colom* ;  and  the 
spaces  between  them  ha^-e  the  ordinary  illumination  of  the  rest 
of  the  sky.  If  we  suppose  in  this  instance  that  the  loAver 
strata  of  air  are  colder  than  the  upper  (a  condition  of  the 
atmosphere  which  not  unfrequently  occurs  in  a  tropical  moun- 
tain district  like  that  of  Ceylon,  where  large  currents  of  heated 
air  sweeping  up  a  valley  cross  another  valley  nearly  at  right 
angles  and  at  a  considerable  elevation  above  it),  the  refraction 
spoken  of  in  the  case  of  Adam's  Peak  will  be  downwards  instead 
of  upwards.  If,  too,  the  observer  be  below,  the  veil  of  darkness 
will  a})peartohim  like  a  very  elongated  triangle  apex  downwards, 
or  broad  ray,  through  Avhich  the  blue  sky  beyond  may  be  seen 
free  from  the  palish  illumination  of  the  atmosphere,  whilst  on 
either  side  the  ordinary  illuminated  sky  Avill  be  seen.  If  now 
we  suppose  several  isolated  masses  of  cloud  to  partially  obscure 
the  sun,  as  was  the  case  when  I  witnessed  the  phenomenon. 
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we  may  have  several  corresponding  inverted  veils  of  darkness, 
like  blue  rays  in  the  sky,  all  apparently  converging  towards 
the  same  point  below  the  horizon.  This  apparent  convergence 
of  the  beams  is  merely  an  effect  of  distance,  as  in  the  case  of 
parallel  rays  of  light  from  the  rising  or  setting  sun,  the  blue 
rays  being  practically  parallel  bands  in  the  atmosphere  devoid 
of  illmnination.  It  will  be  evident  that  conical-shaped  clouds 
are  not  necessary  to  produce  this  effect.  Isolated  clouds  of 
any  massive  form  would  be  sufficient  to  throw  the  bands  of 
shadow  through  the  illuminated  atmosphere,  and  refraction 
and  perspective  would  do  the  rest.  The  above  phenomenon  is 
called  by  the  Singhalese  "  Buddha's  rays ;"  and  though  accord- 
ing to  Sir  Emerson  Tennent  it  is  very  varied  in  character  and 
appears  in  different  parts  of  the  sky,  yet  I  have  only  seen  it 
when  the  sun  was  low  at  evening  and  when  the  rays  con- 
verged to  a  point,  apparently  directly  opposite  the  sun  ;  ^  and  I 
do  not  think  it  possible  for  the  phenomenon  to  be  seen  in  any 
other  position. 

VIII.  Formation  of  the  Ocean-beds  by  Deformation  of  the  Sphe- 
roid.    By  Robert  Mallet,  F.R.S.* 

IN  a  paper  read  before  the  Cambridge  Philosophical  Society, 
February  22,  1875,  by  the  Rev.  0.  Fisher,  entitled  "On 
the  Inequalities  of  the  Earth's  Surface  as  produced  by  Lateral 
Pressure,  upon  the  hypothesis  of  a  liquid  substratum  "  (Canib. 
Phil.  Trans,  vol.  xii.  part  2),  for  a  copy  of  which  I  have  been 
quite  recently  indebted  to  the  politeness  of  the  author,  I  find 
the  following: — "  If  solidification  of  our  globe  from  a  fluid  state 
commenced  at  the  surface,  the  amount  of  radial  contraction  in 
the  solid  parts  beneath  the  surface  of  the  mountain-region  has 
been  less  than  in  the  parts  beneath  the  sea-bed.  In  fact  it  is 
this  unequal  contraction  which  appears  to  have  caused  the  hol- 
lows in  the  external  surface,  which  have  become  the  basins  into 
which  the  waters  have  flowed  to  form  the  ocean."  These  views 
of  Archdeacon  Pratt's  (Figure  of  the  Earth,  1871)  appear  to 
be  adopted  by  the  author,  who  proceeds  : — "  Mr.  Mallet,  in  his 
paper  on  Volcanic  Energy  (see  Phil.  Trans.  Roy.  Soc.  1873, 
part  1,  paragraphs  52  to  56),  takes  a  similar  view.  He  thinks 
that  the  land  and  sea  boundaries  were  shaped  out  by  radial 
contraction  during  the  first  great  stage  of  the  operation  of  re- 
frigeration, while  the  crust  was  thin  and  flexible,  owing  to  the 
rapid  contraction  of  its  viscous  portion  which  must  then  have 
been  much  thicker  than  the  solid  sheet  above  it."  It  seems  to 
me  that  I  am  thus,  when  taken  in  connexion  with  the  rest  of 

*  Communicated  by  the  Author. 
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the  rtov.  0.  Fisher's  paper,  inade  responsible  for  what  I  have 
never  expressed.  1  have  indeed  stated  that  at  an  early  sta^jje  in 
the  cooling  of  onr  planet,  contraction  was  met  mainly  by  that 
deformation  of  the  spheroid  wliich  gave  rise  to  the  continents 
and  ocoan-beds  ;  bnt  I  have  abstained  from  assigning  any  me- 
chanism for  the  immediate  production  of  that  deiormation, 
wliich  1  still  believe  the  state  of  onr  knowledge  does  not  enable 
us  fully  to  explain.  Ditference  of  coefficient  of  contraction 
beneath  land  and  ocean  is  not  any  necessary  condition  to  the 
deformation  of  the  spheroid  ;  and  had  I  ventured  to  speculate 
upon  the  mechanism  of  such  deformation,  I  cei'tainly  should 
not  liave  rested  it  upon  so  extravagant  and  unsustainable  an 
hypothesis  as  that  all  parrs  of  our  globe  beneath  the  ocean  had 
a  larger  coefficient  of  contraction  tlian  those  beneath  the  land — 
one  the  deductions  from  which  would  be  quite  irreconcilable 
with  even  what  we  already  know  as  to  the  forms  of  both  con- 
tinents and  ocean-beds. 

The  actual  mechanism  of  deformation  here  referred  to  is  far 
too  complex  to  be  attributable  to  a  single  condition  such  as  that 
of  difference  of  contractility  beneath  the  sea  and  land  ;  and 
whenever  its  solution  shall  be  arrived  at,  it  will  be  found  to 
have  involved  considerations  of  the  most  diverse  order,  some 
of  which  I  have  pointed  out  in  paragraphs  55  and  56  and  else- 
where in  my  paper  above  referred  to. 
June  19,  187G. 

IX.  Notices  respectinr/  New  Books. 

Algehra  for  Beginners.  By  James  Loudon,  M.A.,  Professor  of 
Mathematics  and  Natural  Philosophii,  Universitu  College,  Toronto. 
Toronto  :  Copp,  Clark  «fc  Co.,  Front  Street,  1876.  (12mo,  pp. 
158.) 

The  Elements  of  Algehra,  originally  designed  for  the  use  of  Students 
in  the  Universities.  By  James  AVood,  D.D.,  formerly  Dean  of 
Ely ,  and  Master  of  St ,  Johns  College,  Cambridge.  Neiv  Edition 
{the  Seventeenth).  Remodelled,  Simplified,  and  ada^ited  for  general 
use  in  Schools — u'ith  numerous  Easy  Earrcises,  Examples,  and 
University  Examination  Papers.  By  Thomas  Lund,  B.D.,  Pre- 
hendary  of  Liclijield,  Hector  of  Brindle,  Lancashire,  and  formerly 
Fclloiv  and  Lecturer  of  St.  John's  College,  Cambridge.  London  : 
Longman,  Green  &  Co.,  1876.     (Small  8vo,  pp.  601.) 

THESE  works  are  almost  sufficiently  described  by  their  title-pages. 
The  former  is  a  very  elomeutary  treatise,  and  will  take  the 
beginner  to  quadratic  equations  iuclusi^e.  The  last  chapter  is 
devoted  to  an  explanation  of  Exponential  Notation.  It  seems  to 
have  been  carefully  drawn  up,  and  is  illustrated  by  many  easy 
examples.  It  will  doubtless  prove  useful  to  the  beginners  m  horn, 
WG  presume,  the  author  has  to  teach. 
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The  second  work  is  one  of  more  pretensions.  The  original 
algebra  of  Dr.  Wood  was  published  at  the  end  of  last  century,  and 
was  characterized  by  a  most  competent  judge  (the  late  Dr.  Peacock) 
as  an  admirable  specimen  of  suuple  exposition,  combined  with. 
adequate  but  not  excessive  illustration.  As  tinae  went  on,  how- 
ever, parts  of  the  work  needed  expansion  ;  and  (we  believe  about 
1840)  Mr.  Lund  published  an  appendix  to  it,  consisting  of 
additional  propositions  and  examples.  In  1845  he  incorporated 
this  appendix  with  the  original  work,  some  parts  of  which  he 
omitted,  e.  g.  that  on  the  theory  of  Equations.  The  present 
edition  differs  from  that  of  1845  in  several  minor  respects,  but 
embraces  nearly  the  same  topics.  Perhaps  the  chief  difference 
between  the  editions  is  that  the  present  contains  a  much  larger 
number  of  examples  than  the  former.  The  addition  is  made  in 
three  ways,  viz.  by  appending  to  each  section  of  the  work 
numerous  easy  examples,  by  increasing  the  number  of  harder 
examples  at  the  end  of  the  book,  and  by  adding  three  series  of 
Miscellaneous  Examples,  and  twenty-four  papers  of  Questions  in 
Algebra  which  have  been  recently  set  in  University  Examinations 
at  Cambridge. 

It  marks  a  real  advance  in  Education  that  the  present  work, 
originally  designed  for  Students  in  the  University,  should  have  to 
be  adapted,  and  on  the  whole  witli  large  additions,  for  use  in 
Schools,  because  the  subject  is  now  almost  universally  taught  in 
them.  At  the  same  time  we  cmnot  help  feeling  a  doubt  whether 
it  is  not  a  mistake  to  insert  in  elementary  mathematical  books  the 
enoi'mous  number  of  examples  which  they  now  ordinarily  contain. 
Their  insertion  is,  of  course,  a  consequence  of  the  effort  which 
teachers  have  to  make  in  order  to  qualify  their  pupils  for  com- 
peting with  the  ingenuity  of  examiners.  Surely,  however,  if  the 
question  were  merely  one  of  education,  a  lad  of  seventeen  or 
eighteen  might  with  advantage  have  his  attention  directed  to  other 
subjects  long  before  practice  had  made  him  pretty  certain  of  solving 
such  an  equation  as 

a-3  _  ye  X  =r  1 
bv  his  own  lights  and  without  a  knowledge  of  Cardan's  Eule. 
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•Jan.  13, 1876.— Dr.  J.  Dalton  Hooker,  C.B.,  President,  in  the  Chaii\ 
'T'HE  following  paper  was  read  : — 

"  On  the  Optica]  Deportment  of  the  Atmosphere  in  reference 
to  the  Phenomena  of  Putrefaction  and  Infection."  Bv  John  T>ti- 
dall,  E.E.S. 

The  author  refers  in  an  Litroduction  to  an  inquiry  on  the  de- 
composition of  vapours  and  the  formation  of  active  clouds  by  light, 
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whereby  He  was  led  to  experiiuent  on  the  floating  matter  of  the 
air.  lie  refers  to  the  uxperinu'uts  of  Schwann,  tSchruder,  and 
Dusch,  8chi*oder  himself,  to  those  of  the  illustrious  French  chemist 
Pasteur,  to  the  reasoning  of  Lister  and  its  experimental  verili- 
cation  regarding  the  iiltering-power  of  the  lungs;  from  all  of 
M-hich  he  concluded,  six  years  ago,  that  the  power  of  developing 
life  by  the  air,  and  its  power  of  scattering  light,  would  be  found 
to  go  hand  in  hand.  He  thought  the  simple  expedient  of  examin- 
ing by  means  of  a  beam  of  light,  while  the  eye  was  kept  sensitive 
by  darkness,  the  character  of  the  medium  in  w  hich  their  experi- 
ments were  conducted  could  not  fail  to  be  useful  to  workers 
in  this  field.  But  tne  method  has  not  been  much  turned  to 
account ;  and  this  year  he  thought  it  worth  whUo  to  devote  some 
time  to  the  more  complete  demonstration  of  its  utility. 

He  also  \\-ished  to  free  his  mind,  and  if  possible  the  minds  of 
others,  from  the  uncertainty  and  confusion  which  now  beset  the 
doctrine  of  "  spontaneous  generation."  Pasteur  has  pronounced  it 
"a  chimera,"  and  expressed  the  undoubting  conviction  that,  this 
being  so,  it  is  possible  to  remove  parasitic  diseases  from  the  earth. 
To  the  medical  profession,  therefore,  and  through  them  to  huma- 
nity at  large,  this  question  is  one  of  the  last  importance.  But  the 
state  of  medical  opinion  regarding  it  is  not  satisfactory.  Li  a 
recent  dumber  of  the  '  British  INIedical  Joiu-ual,'  and  in  answer  to 
the  question,  "  In  what  way  is  contagium  generated  and  com- 
municated ?  "  Messrs.  Braidwood  and  Vacher  reply  that,  notwith- 
standing "an  almost  incalculable  amount  of  patient  labour,  the 
actual  results  obtained,  especially  as  regards  the  manner  of  gene- 
ration of  contagium,  have  been  most  disappointing.  Observers  are 
even  yet  at  -variance \vhether  these  minute pai'ticles,  whose  discovery 
we  have  just  noticed,  and  other  disease-germs,  are  ah^  ays  produced 
from  like  bodies  previously  existing,  or Mhether  they  do  not,  under 
certain  favoui'able  conditions,  spring  into  existence  de  novo." 

With  a  view  to  the  possible  diminutioii  of  the  uncertainty  thus 
described,  the  author  submits  without  further  preface  to  the  Royal 
Society,  and  especially  to  those  who  study  the  aetiology  of  disease, 
a  description  of  the  mode  of  procedure  followed  in  tliis  inquiry 
and  the  results  to  which  it  has  led. 

A  number  of  chambers,  or  cases,  were  constructed,  each  with  a 
glass  front,  its  top,  bottom,  back,  and  sides  being  of  wood.  At 
the  back  is  a  little  door  Avhich  opens  and  closes  on  hinges,  while 
into  the  sides  are  inserted  two  panes  of  glass,  facing  each  other. 
The  top  is  perforated  in  the  middle  by  a  hole  2  inches  in  diameter, 
closed  air-tight  by  a  sheet  of  india-rubber.  This  sheet  is  pierced 
in  the  middle  by  a  pin,  and  through  the  pin-hole  is  passed  the 
shauk  of  a  long  pipette  ending  above  in  a  small  funnel.  A  circular 
tin  collar,  2  inches  in  diameter  and  1^-  inch  high,  surrounds  the 
pipette,  the  space  between  both  being  packed  with  cotton-wool 
moistened  by  glycerine.  Thus  the  pipette,  in  moving  up  and 
down,  is  not  only  firmly  clasped  by  the  india-rubber,  but  it  also 
passes  through  a  stuffing-box  of  sticky  cotfon-MOol.     The  \vidth 
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of  the  aperture  closed  by  the  india-rubber  secures  the  free  lateral 
play  of  the  lower  end  oi  the  pipette,  luto  two  other  smaller  aper- 
tures iu  the  top  of  the  cupboard  are  inserted,  air-tight,  the  open 
ends  of  two  narrow  tubes,  intended  to  connect  the  interior  space 
■^^'ith  the  atmosphere.  The  tubes  are  bent  several  times  up  and 
down,  so  as  to  intercept  and  retain  the  particles  carried  by  such 
feeble  currents  as  changes  of  temperature  might  cause  to  set  in 
between  the  outer  and  the  inner  air. 

The  bottom  of  the  box  is  pierced,  sometimes  with  two  rows,  some- 
times with  a  single  row  of  apertures,  in  -^Ahich  are  fixed,  air-tight, 
large  test-tubes,  intended  to  contain  the  liquid  to  be  exposed  to 
the  action  of  the  moteless  air. 

On  the  10th  of  September  the  first  case  of  this  kind  was  closed. 
The  passage  of  a  concentrated  beam  across  it  through  its  two  side 
windows  then  showed  the  aii'  within  it  to  be  laden  with  floating 
matter.  On  the  13th  it  was  again  examined.  Before  the  beam 
entered  and  after  it  quitted  the  case  its  track  was  vivid  in  the 
air,  but  within  the  case  it  vanished.  Three  days  of  quiet  sufficed 
to  cause  all  the  floating  matter  to  be  deposited  on  the  sides  and 
bottom,  where  it  was  retained  by  a  coating  of  glycerine,  wnth 
which  the  interior  surface  of  the  case  had  been  purposely  varnished. 
The  test-tubes  ^^'ere  then  filled  through  the  pipette,  boiled  for  five 
minutes  in  a  bath  of  brine  or  oil,  and  abandoned  to  the  action  of 
the  moteless  air.  During  ebullition  aqueous  vapour  rose  from 
the  liquid  into  the  chamber,  where  it  was  for  the  most  part  con- 
densed, the  uucondensed  portion  escaping,  at  a  low  temperature, 
through  the  bent  tubes  at  the  top.  Before  the  brine  was  removed 
little  stoppers  of  cotton-wool  were  inserted  in  the  bent  tubes,  lest 
the  entrance  of  the  air  into  the  cooling  chamber  should  at  first  be 
forcible  enough  to  carry  motes  along  with  it.  As  soon,  however, 
as  the  ambient  temperature  was  assxuned  by  the  air  within  the  case 
the  cotton-wool  stoppers  were  removed. 

We  have  here  the  oxygen,  nitrogen,  carbonic  acid,  ammonia, 
aqueous  vapour,  and  all  the  other  gaseous  matters  which  mingle 
more  or  less  with  the  air  of  a  great  city.  AVe  have  them,  more- 
over, "  untortured  "  by  calcination  and  unchanged  even  by  filtra- 
tion or  manipulation  of  any  kind.  The  question  now  before  us 
is,  can  air  thus  retaining  all  its  gaseous  mixtures,  but  self-cleansed 
from  mechanically  suspended  matter,  produce  putrefaction  ?  To 
this  question  both  the  animal  and  vegetable  worlds  retmrn  a  decided 
negative. 

Among  vegetables  experiments  have  been  made  •ndth  hay,  tur- 
nips, tea,  coSee,  hops,  repeated  in  various  ways  with  both  acid 
and  alkaline  infusions.  Among  animal  substances  are  to  be  men- 
tioned many  experiments  with  urine ;  while  beef,  mutton,  hare, 
raljbit,  kidney,  liver,  fowl,  pheasant,  grouse,  haddock,  sole,  salmon, 
cod,  turbot,  mullet,  herring,  whitiiig,  eel,  oyster  have  been  all  sub- 
jected to  experiment. 

The  result  is  that  infusions  of  these  substances  exposed  to  the 
common  air  of  the  Eoyal  Institution  laboratory,  maintained  at  a 
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tenipiTutiu-e  uf  from  (>U°  to  70°  lalir.,  all  fell  into  putrefaction  in 
the  course  of  from  two  to  four  days.  No  matter  where  the  infu- 
sions were  placed,  they  were  infallibly  smitten  in  the  end.  The 
number  of  the  tubes  containing  infusions  va.s  multiplied  till  it 
reached  six  hundred,  but  not  one  of  them  escaped  infection. 

In  no  single  instance,  on  the  other  hand,  did  the  aii-  w  hich  had 
been  proAed  moteless  by  the  searching  beam  prove  itself,  even 
when  raised  to  temperatures  varying  from  80°  to  90°,  to  possess 
the  least  power  of  producing  Bacterial  life  or  the  associated 
phenomena  of  putrefaction.  The  power  of  developing  such  life 
in  atmospheric  air,  and  the  power  of  scattering  of  light,  are 
thus  proved  to  be  indissolubly  united. 

The  sole  condition  necessary  to  cause  these  long-dormant  infu- 
sions to  swarm  with  active  life  is  the  access  of  the  floating  matter 
of  the  air.  After  having  remained  for  four  months  as  pellucid 
as  distilled  water,  the  opening  of  the  back  door  of  the  protecting 
case,  and  the  consequent  admission  of  the  mote-laden  air,  sufficed 
in  three  days  to  render  the  infusions  puti-id  and  full  of  life. 

That  such  life  arises  fi'om  mechanically  suspended  particles  is 
thus  reduced  to  ocular  demonstration. 

Let  us  inquire  a  little  more  closely  into  the  character  of  the  par- 
ticles A^hich  produce  the  Hfe.  Poiu'  eau  de  Cologne  into  water,  a 
white  precipitate  renders  the  liquid  milky.  Or,  imitating  Briicke, 
dissolve  clean  gum  mastic  in  alcohol,  and  di'op  it  into  water,  the 
mastic  is  precipitated,  and  milkiness  produced.  If  the  solution 
be  very  strong  the  mastic  separates  in  curds  ;  but  by  gradually  dilu- 
ting the  alcoholic  solution  we  finally  reach  a  point  where  the  milki- 
ness disappears,  the  liquid  assuming,  by  reflected  light,  a  bright 
cerulean  hue.  It  is,  in  point  of  fact,  the  colour  of  the  sky,  and  is 
due  to  a  similar  cause,  namely,  the  scattering  of  light  by  particles, 
small  in  comparison  to  the  size  of  the  waves  of  light. 

When  this  liquid  is  examined  by  the  highest  microscopic  power 
it  seems  as  uniform  as  distilled  water.  The  mastic  particles,  though 
innumerable,  entirely  elude  the  microscope.  At  right  angles  to  a 
Imninous  beam  passing  among  the  particles  they  discharge  per- 
fectly polarized  light.  The  optical  deportment  of  the  floating  matter 
of  the  air  proves  it  to  be  composed  in  part  of  particles  of  this  ex- 
cessively minute  character.  When  the  track  of  a  parallel  beam  in 
dusty  air  is  looked  at  horizontally  through  a  Nicol's  prism,  in  a 
direction  perpendicular  to  the  beam,  the  longer  diagonal  of  the 
prism  Ijeing  vertical,  a  considerable  portion  of  the  light  from  the 
finer  matter  is  extinguished.  The  coarser  motes,  on  the  other 
hand,  flash  out  m  ith  greater  force,  because  of  the  increased  dark- 
ness of  the  space  around  them.  It  is  among  the  finest  ultra-micro- 
scopic particles  that  the  author  shows  that  the  matter  potential  as 
regards  the  development  of  Bacterial  life  is  to  he  sought. 

But  though  they  are  beyond  the  reach  of  the  microscope,  the  ex- 
istence of  these  particles,  foreign  to  the  atmosphere  but  floating 
in  it,  is  as  certain  as  if  they  could  be  felt  between  the  fingers  or 
seen  by  the  naked  eye.     Supposing  them  to  augment  in  magnitude 
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until  they  come,  not  only  within  range  of  the  microscope,  but 
Mithin  range  of  the  unaided  senses.  Let  it  be  assumed  that  om- 
knowledge  of  them  under  these  circumstances  remains  as  defective 
as  it  is  now — that  we  do  not  know  A^hether  they  are  gerras, 
particles  of  dead  organic  dust,  or  particles  of  mineral  matter. 
Suppose  a  vessel  (say  a  flower-pot)  to  be  at  hand  filled  ^vith  Jiutri- 
tious  earth,  -o-ith  which  we  mix  our  unknov^n  particles,  and  that 
in  forty-eight  hours  subsequently  buds  and  blades  of  well-defbied 
cresses  and  grasses  appear  above  the  soil.  Suppose  the  experiment 
when  repeated  over  and  over  again  to  yield  the  same  unvarying 
result.  What  would  be  our  conclusion  ?  Should  we  regard  those 
living  plants  as  the  products  of  dead  dust  or  mineral  particles,  or 
should  we  regard  them  as  the  offspring  of  living  seeds  ?  The  I'eply 
is  unavoidable.  We  should  undoubtedly  consider  the  experiment 
with  the  flower-pot  as  clearing  up  our  preexisting  ignorance  ;  we 
should  regard  the  fact  of  theii"  producing  cresses  and  grasses  as 
proof  positive  that  the  particles  sown  in  the  earth  of  the  pot  were 
the  seeds  of  the  plants  which  have  grown  from  them.  It  \^"ould 
be  simply  monstrous  to  conclude  that  they  had  been  "  sponta- 
neously generated.*' 

This  reasoning  applies  word  for  word  to  the  development  of 
Bacteria  from  that  floating  matter  v>"hich  the  electric  beam  reveals 
in  the  air,  and  in  the  absence  of  which  no  Bacterial  life  has  been 
generated.  There  seems  no  flaw  in  this  reasoning ;  and  it  is  so 
simple  as  to  render  it  unlikely  that  the  notion  of  Bacterial  life  de- 
veloped from  dead  dust  can  ever  gain  currency  among  the  members 
of  a  great  scientific  profession. 

A  novel  mode  of  experiment  has  been  here  pursued,  and  it  may 
be  urged  that  the  conditions  laid  down  by  other  investigators  in 
this  field,  which  have  led  to  different  results,  have  not  been  strictly 
adhered  to.  To  secure  accuracy  in  relation  to  these  differences,  the 
latest  words  of  a  writer  on  this  question,  who  has  materially  in- 
fluenced medical  thought  both  in  this  country  and  in  America,  are 
quoted.  "  We  know,"  he  says,  "  that  boiled  tm-nip-  or  hay-infu- 
sions exposed  to  ordinary  air,  exposed  to  filtered  air,  to  calcined  air, 
or  shut  oft*  altogether  from  contact  v<iih  air,  are  more  or  less  prone 
to  swarm  with  Bacteria  and  Vihriones  in  the  coiu'se  of  from  two 
to  six  days."  Who  the  "  we"  are  who  possess  this  knowledge  is 
not  stated.  The  author  is  certainly  not  among  the  number, 
though  he  has  sought  anxiously  for  knowledge  of  the  kind.  He 
thus  tests  the  statements  in  succession. 

And  first,  with  regard  to  filtered  air.  A  group  of  t^^■elve  large 
test-tubes  was  caused  to  pass  air-tight  through  a  slab  of  wood.  The 
wood  was  coated  with  cement,  in  which,  while  hot,  a  heated  "  pro- 
pagating-glass  "  resembling  a  large  bell- jar  was  imljedded.  The  air 
within  the  jar  was  pumped  out  several  times,  air  filtered  through 
a  plug  of  cotton-wool  being  permitted  to  supply  its  place.  The 
test-tubes  contained  infusions  of  hay,  turnip,  beef,  and  mutton — 
three  of  each,  twelve  in  all.  They  are  as  clear  and  cloudless  at 
the  present  moment  as  they  were  upon  the  dav  of  their  introduc- 
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tion  :  while  twelve  similar  tubes,  prepared  at  the  same  time,  in 
preci-ely  the  same  way,  and  exposed  to  the  ordiiiarv  air,  aio 
clogged  w ith  mycelium,  mould,  and  Bact<'ria'' 

AVith  regard  to  the  calcined  air,  a  similar  ])ropagating-glas8  was 
caused  to  cover  twelve  other  tubes  iilhxl  \\\{\\  thp  same  infusions. 
The  "  glass''  was  exhausted  and  carelully  Idled  wTlh  air  which  had 
passed  through  a  red-hot  platinum  tidje  containing  a  roll  of  red- 
hot  platinum  gauze.  Tested  by  the  seai'ching  beam,  the  calcined 
air  was  found  quite  free  from  floating  matter.  Not  a  speck  has 
invaded  the  limpidity  of  the  infusions  exposed  to  it,  while  twelve 
similar  tubes  placed  outside  have  fallen  into  rottenness. 

The  experiments  with  calcined  air  took  another  form.  Six  years 
ago  it  was  found  that,  to  render  the  lab.oratorA^  air  free  from  Heat- 
ing matter,  it  w  as  only  necessary  to  permit  a  platinum  wire  heated 
to  wliiteness  to  act  upon  it  for  a  suflicient  time.  >Shades  containing 
pear-juice,  damson-juice,  infusions  of  hay  and  turnip,  and  water 
of  yeast  were  freed  from  their  floating  matter  in  this  way.  The 
infiisions  were  subsequently  boiled  and  permitted  to  rc^main  in 
contact  with  the  calcined  air.  They  are  quite  clear  to  the  present 
hour,  while  the  same  infusions  exposed  to  common  air  became 
mouldy  and  rotten  long  ago. 

It  has  been  affirmed  by  other  writers  on  this  question  that  tur- 
nip- and  hay-infusions  rendered  slightly  alkaline  are  particularly 
prone  to  exhibit  the  phenomena  of  spontaneous  generation.  This 
was  not  found  to  be  the  case  in  the  present  investigation.  Many 
such  infusions  have  been  prepared,  and  they  have  continued  for 
months  without  sensible  alteration. 

Finally,  with  regard  to  infusions  wholly  withdi'awn  from  air,  a 
gi'onp  of  test-tubes  containing  diiferent  infusions  was  boiled  under 
a  bell-jar  first  filled  with  filtered  air.  and  from  w  hioh  the  air  was  sub- 
sequently removed  as  far  as  possible  by  a  good  air-pump.  They 
are  now  as  pellucid  as  they  were  at  the  time  of  their  preparation 
more  than  two  months  ago,  while  a  group  of  corresponding  tubes 
exposed  to  the  laboratory  air  have  all  fallen  into  rottenness. 

There  is  still  another  form  of  experiment  on  which  groat  weight 
has  been  laid — that  of  hermetically  sealed  tubes.  On  the  Gth  of  last 
April  a  discussion  on  the  "  Germ-Theory  of  Disease "'  was  opened 
before  the  Pathological  Society  of  London.  The  meeting  was  attended 
by  many  distinguished  medical  men,  some  of  whom  were  profoundly 
influenced  by  the  arguments,  and  none  of  whom  disputed  the  facts 
brought  forward  against  the  theoiy  on  that  occasion.  The  following 
important  summary  of  these  was  then  given  by  Dr.  Bastian : — 
"With  the  view  of  settling  these  questions,  therefore,  we  may  care- 
fully prepare  an  infvision  from  some  animal  tissue,  be  it  muscle, 
kidney,  or  liver ;  we  may  place  it  in  a  flask  whose  neck  is  drawn 
out  and  narrowed  in  the  blowpipe-flame,  we  may  boil  the  fluid, 
seal  the  vessel  diu-ing  ebullition,  and,  keeping  it  in  a  warm  place, 
may  await  the  result,  as  I  have  often  done.  After  a  >  ariable  time, 
the  pre^^ously  heated  fluid  within  the  hermetically  sealed  flask 
swarms  more  or  less  plentifully  with  Bacteria  and  allied  organisms.'' 
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P^e^■ious  to  reading  this  statement  the  author  had  operated  upon 
16  tubes  of  hay-  aud  turnip-infusions,  and  upon  21  tubes  of  beef, 
mackerel,  eel,  oyster,  oatmeal,  malt,  and  potato,  hermetically  sealed 
Avhile  boiling,  not  by  the  blowpipe,  but  by  the  far  more  handy  spirit- 
lamp  flame.  In  no  case  was  any  appearance  whatever  of  Bacteria 
or  allied  organisms  observed.  The  perusal  of  the  discussion  just 
referred  to  caused  the  author  to  tiu-n  again  to  muscle,  liver,  and 
kidney,  with  a  ^"iew  of  varving  aud  multiplving  the  e^-idence.  Powl, 
pheasant,  snipe,  partridge,  plover,  -n-ild  duck,  beef,  mutton,  heart, 
tongue,  lungs,  brains,  sweetbread,  tripe,  the  crystalline  lens,  A'itreous 
humour,  herring,  haddock,  mullet,  codfish,  sole,  were  all  embraced 
in  the  experiments.  There  was  neither  mistake  nor  ambiguity  about 
the  result.  One  hundred  aud  thirty-nine  of  the  flasks  operated  on 
were  submitted  to  the  Fellows  ;  and  not  one  of  this  cloud  of  wit- 
nesses offered  the  least  countenance  to  the  assertion  that  liquids 
within  flasks,  boiled  and  hermetically  sealed,  swarm,  subsequently, 
more  or  less  plentifully  \rith  Bacteria  and  allied  organisms. 

The  evidence  fm*mshed  by  this  mass  of  experiments,  that  Dr. 
Bastian  must  have  permitted  errors  either  of  preparation  or  obser- 
vation to  invade  his  work,  is,  it  is  submitted,  very  strong.  But  to 
err  is  human  :  and  in  an  inquiry  so  difficult  and  fraught  with  such 
momentous  issues,  it  is  not  error,  but  the  persistence  in  error  by 
any  of  us  for  dialectic  ends  that  is  to  be  deprecated.  The  author 
shows  by  illustrations  the  risks  of  error  run  by  himself.  On  the 
21st  of  October  he  opened  the  back  door  of  a  case  containing  six 
test-tubes  filled  M-ith  an  infusion  of  turnip  which  had  remained  per- 
fectly clear  for  three  weeks,  while  tlu-ee  days  sitfliced  to  crowd  six 
similar  tubes  exposed  to  mote-laden  air  with  Bacteria.  "With  a  small 
pipette  he  took  specimens  from  the  pellucid  tubes,  and  placed  them 
under  the  microscope.  One  of  them  vielded  a  field  of  Bacterial 
life,  monstrous  in  its  copiousness.  For  a  long  time  he  tried  vainly 
to  detect  any  source  of  error,  and  was  perfectly  prepared  to  abandon 
the  unvarying  inference  from  all  the  other  experiments,  and  to 
accept  the  result  as  a  clear  exception  to  what  had  previously 
appeared  to  be  a  general  law.  The  cause  of  his  perplexity  was 
finally  traced  to  the  tiniest  speck  of  an  infusion  containing  Bacteria 
which  had  clung  by  capillary  attraction  to  the  point  of  one  of  his 
pipettes. 

Again,  three  tubes  containing  infusions  of  tm'nip,  hay,  and 
mutton  were  boiled,  on  the  2nd  of  November,  under  a  bell-jar  con- 
taining air  so  carefully  filtered  that  the  most  searching  examination 
by  a  concentrated  beam  failed  to  reveal  a  particle  of  floating  matter. 
At  the  present  time  every  one  of  the  tubes  is  thick  \\  ith  mycelium 
and  covered  \\\i\\  mould.  Here,  surely,  we  have  a  case  of  sponta- 
neous generation.     Let  us  look  to  its  liistory. 

After  the  air  has  been  expelled  from  a  boiling  liquid  it  is  diffi- 
cult to  continue  the  ebullition  ^A-ithout  ''bumping.*'  The  Hquid 
remains  stiU  for  intervals  and  then  rises  \\\i\x  sudden  energy.  It 
did  so  in  the  case  nov.-  imder  consideration ;  and  one  of  the  tube  s 
boiled  over,  the  liquid  over  spreading  the  resinous  siu'face  in  which 


70  Royal  Society. 

the  bell-jar  was  imtedded.  For  three  weeks  the  infusions  had  re- 
mained perfectly  clear.  At  the  end  of  this  time,  with  a  view  of 
renewinc;  the  air  of  the  jar,  it  was  exhausted,  and  relUled  by  fresh 
air  \\hich  had  passed  through  a  phig  of  cotton-wool.  As  the  air 
entered,  two  small  spots  of  Penicillium,  resting  on  the  liquid 
which  had  boiled  over,  attracted  attention.  It  was  at  once 
remarked  lliat  the  experiment  -nas  a  dangerous  one,  as  the  enter- 
ing air  would  probably  detach  some  of  the  spores  of  the  Penicillium 
and  diffuse  them  in  the  bell-jar.  This  was  therefore  filled  very 
slowly,  so  as  to  render  the  distui'banco  a  minimum.  Xext  day, 
however,  a  tuft  of  mycelium  \\as  observed  at  the  bottom  of  one 
of  the  three  tubes,  namely  that  containing  the  hay-infusion.  It 
has  by  this  time  grown  so  as  to  fill  a  large  portion  of  the  tube.  For 
nearly  a  month  longer  the  t\^'o  tubes  containing  the  turnip-  and 
mutton-infusions  maintained  their  transparency  unimpaired.  Late 
in  December  the  mutton-infusion,  which  was  in  dangerous  proxi- 
mity to  the  outer  mould,  showed  a  tuft  upon  its  sarface.  The 
beef-infaision  continued  bright  and  clear  for  nearly  a  fortnight 
longer.  The  recent  cold  weather  caused  the  author  to  add  a  third 
gas-stove  to  the  two  which  had  preA'iously  warmed  the  room  in 
which  the  experiments  are  conducted.  The  warmth  played  upon 
one  side  of  the  bell-jar,  causing  currents  within  it ;  and  the  day 
after  the  lighting  of  the  stove,  the  beef-infusion  gave  birth  to 
a  tuft  of  mycelium.  In  this  case  the  small  spots  of  Penicillium 
might  have  readily  escaped  attention;  and  had  they  done  so 
we  should  ha^e  had  three  cases  of  "spontaneous  generation  '  far 
more  striking  than  many  that  have  been  adduced. 

In  fiu'ther  illustration  of  the  danger  incurred  in  this  field  of  in- 
quiry, the  author  refers  to  the  excellent  paper  of  Dr.  Eoberts  on 
Biogenesis,  in  the  Philosophical  Transactions  for  1874.  Dr.  Eoberts 
fiUs  the  bulb  of  an  ordinary  pipette  up  to  about  two  thirds  of 
its  capacity  with  the  infusion  to  be  examined.  In  the  neck  of  the 
pipette  he  places  a  plug  of  dry  cotton-wool.  He  then  hermetically 
seals  the  neck,  and  dips  the  bulb  into  boiling  water  or  hot  oil, 
where  he  permits  it  to  remain  for  the  requisite  time.  Here  we 
have  no  disturbance  from  ebullition  and  no  loss  by  evaporation. 
The  bulb  is  removed  from  the  hot  water  and  permitted  to  cool. 
The  sealed  end  of  the  neck  is  theii  filed  off,  the  cotton-wool  alone 
interposing  between  the  infusion  and  the  atmosphere. 

The  arrangement  is  beautiful,  but  it  has  one  A\eak point.  Cotton- 
wool free  from  germs  is  not  to  be  found,  and  the  plug  employed 
by  Dr.  Eoberts  infallibly  contained  them.  In  the  gentle  moA  ement 
of  the  air  to  and  fro,  as  the  temperature  changed,  or  by  any  shock, 
jar,  or  motion  to  \Ahich  the  pipette  might  be  subjected,  \\e  have  cer- 
tainly a  cause  sufficient  to  detach  a  germ  no\\-  and  then  from  the 
cotton-wool  which,  falling  into  the  infusion,  would  produce  its 
effect.  Probably  also  condensatioii  occurred  at  times  in  the  neck 
of  the  pipette,  the  water  of  condensation  carrying  back  from  the 
cot  ton -wool  the  seeds  of  life.  The  fact  of  fertilization  being  so  rare 
as  Dr.  Eoberts  found  it  to  be,  is  a  proof  of  the  care  m  ith  which  his 
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experiments  were  conducted.  But  he  did  find  cases  of  fertilization 
after  prolonged  exposure  to  the  boiling  temperature ;  and  this 
•  caused  him  to  come  to  the  conclusion  that  under  certain  rare  con- 
ditions spontaneous  generation  may  occur.  He  also  found  that  an 
alkalized  liav-uifusion  was  so  difficult  to  sterilize  that  it  was  ca- 
pable of  \^-ithstanding  the  boiling  temperature  for  hours  Avithout 
losing  its  power  of  generating  life.  The  most  careful  experiments 
have  been  made  with  this  infusion.  Dr.  Roberts  is  certainly  cor- 
rect in  assigning  to  it  superior  nutritive  po\^•e^.  But  in  the  present 
inquiry  five  minutes'  boiling  sufficed  to  completely  sterilize  the 
liquid. 

Summing  up  this  portion  of  his  inquiry,  the  author  remarks 
that  he  will  hardly  be  charged  with  any  desire  to  limit  the  power 
and  potency  of  matter  in  regard  to  life.  But  holding  the  notions 
he  does  upon  this  point,  it  is  all  the  more  incumbent  on  him  to 
affirm  that,  as  far  as  inquiry  has  hitherto  penetrated,  life  has 
never  been  proved  to  appear  independently  of  antecedent  life. 
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May  10,  1876.— Prof .  P.  Martin  Duncan,  M.B.,  F.E..S.,  President, 

in  the  Chair. 

The  following  communications  were  read : — 

1.  "  On  some  Fossil  Reef-building  Corals  from  the  Tertiary  de- 
posits of  Tasmania."  By  Prof.  P.  Martin  Duncau,  M.B.,  F.R.S., 
President. 

2.  "  On  the  Echiuodermata  of  the  Australian  Cainozoic  (Tertiary) 
Deposits."     By  Prof.  P.  Martin  Duncan,  M.B.,  F.R.S.,  President. 

3.  "  On  the  Miocene  Fossils  of  Haiti."  By  R,  J.  Lechmere  Guppy, 
Esq.,  F.L.S.,  F.G.S. 

May  24, 1876.— Prof.  P.  Martin  Duncan,  M.B.,  F.R.S.,  President, 
in  the  Chair. 

The  following  communications  were  read : — 

1.  "On  the  old  glaciers  of  the  northern  slope  of  the  Swiss  Alps." 
By  Prof.  Alphonse  Favre,  F.M.G.S. 

The  author  illustrated  his  remarks  by  a  map  on  a  scale  of  aroViTu' 
showing  the  space  occupied  by  the  old  Swiss  glaciers  at  the  time  of 
their  greatest  extension,  and  founded  in  part  upon  evidence  obtained 
since  1867,  when  he,  in  conjunction  with  Prof.  Studer  and  M.  L. 
Soret,  issued  an  "  Appel  aux  Suisses "  for  the  preservation  of 
erratic  blocks.  He  said  that  in  existing  glaciers  two  parts  may  be 
recognized— an  upper  one,  the  reservoir  or  feeding  glacier,  and  a 
lower  one,  the  flowing  glacier.  Applying  this  division  to  the  old 
glaciers,  it  appears  that  in  the  glaciers  of  the  Rhone  and  Rhine  the 
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flowing  glacier  (Avliicli  occupied  the  pljiin)  liaci  a  surface  nearly 
equal  to  that  of  the  feeding  glacier  (which  was  situated  in  the  moun- 
tains). ]iy  means  of  several  tahles  M.  Favro  showed  the  height 
attained  hy  these  glaciers,  their  thickness,  the  slope  of  their  upper 
surface  itc.  at  various  points  in  the  Alps,  the  Jura,  and  Swabia,  and 
deduced  as  the  I'esult  of  the  comparison  of  these  numbers  : — 1.  that 
the  lUionc  glacier  passed  over  several  of  the  chains  of  the  Jura, 
and  that  the  ice  covering  these,  far  from  being  an  obstacle  to  the 
extension  of  the  glaciers  of  the  Alps,  actually  reinforced  them,  and 
served  them  as  relays,  the  glaciers  of  the  Jura  having  carried  far 
on  the  Alpine  erratic  blocks  ;  2.  that  the  slopes  of  the  upper  surface 
were  variable,  and  vrere  null,  or  nearly  so,  over  considerable  spaces. 
At  the  Calanda,  near  Coirc,  there  are  erratics  which  seem  to 
be  at  a  higher  level  than  that  attained  by  the  glacier.  This  may  bo 
explained  by  the  formation  in  tlie  glacier  of  a  sort  of  edih/,  which 
would  elevate  the  ice  to  a  certain  amount  over  a  limited  space. 

During  their  greatest  extension  the  Swiss  glaciers  came  into  contact 
with  those  of  ccnti-al  France  near  Lyons  ;  they  united  Avith  those 
of  the  Jura,  the  Elack  Forest,  and  tlie  Austrian  and  Italian  Alps; 
they  stretched  from  tho  plain  of  the  Fo  to  that  of  the  Danube  ;  and, 
further,  for  distances  of  50  or  100  kilometres  they  nearly  ap- 
proached horizontality.  llcnce  they  resembled  the  glaciers  of  the 
interior  of  Gi-eenland  and  Spitzbergen,  so  far  as  can  be  judged 
from  the  descriptions. 

2.  "  Evidences  of  Thcriodonts  in  Permian  deposits  elsewhere 
than  in  South  Africa.""     By  Frof.  E.  Owen,  C.13.,  F.ll.S.,  F.G.S. 


XI.  Intelligence  and  Miscellaneous  Articles. 

LETTER  IN  REPLY  TO  FATHER  SECCHl's  LETTER  ON  THE  DIS- 
PLACEMENT OF  THE  STELLAR  LINES.  BY  "WILLIAM  MUGGINS, 
D.C.L.j  LL.D.,  F.R.S. 

To  the  Editors  of  the  Philosojjhical  Magazine  and  Journal. 

Gentlemen, 

MAT  I  ask  you  to  insert  in  the  next  Number  of  the  Philoso- 
phical Magazine  the  followijig  translation  of  a  letter  which  I 
have  addressed  to  MM.  les  Secretaires  Perpctuels  of  the  Academie 
des  Sciences  in  reply  to  the  letter  from  Father  Secchi,  of  which  a 
translation  appeared  in  the  Supplementary  iS'umber  of  your  3Iaga- 
zine  for  June  ? 

Tours  &e., 
Jmie  7, 1876.  AViLLiAM  HuGGiNS. 


I  hesitate  to  occupy  the  time  of  the  Academy  with  a  few  words 
in  reply  to  a  letter  from  Father  Secehi,  read  on  April  3,  especially 
because  Mr.  Christie,  of  Greenwich,  has  communicated  to  the  Eoyal 
Astrouonncal  Society  a  summary  of  the  results  recently  observed  at 
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Grrcemvicli,  "O'liich  agree  in  a  remarkable  "uay  with  my  observations 
on  the  same  stars.  It  is  true  that  there  were  discordances  among 
the  early  Greenwich  observations  ;  but  these  were  due  for  the  most 
part  to  the  apparatus,  which  ^^"as  not  in  all  respects  sufficiently 
trustv/orthy.  Mr.  Christie  compares  his  results  with  mine  in  the 
following  Table.  The  figures  indicate  the  velocity  of  approach  or 
of  recession  in  English  miles. 

A  Comparison  of  Star  Motions  in  line  of  Sight. 
+    =  recessiou.     —    =  approach. 


Star. 

Hiiggins.. 

Greenwich. 

aAndromedte... 

Aldebaran   

Capella    

Eigc4    

Betelgeuse  

Sii-ius  

+  ? 
+ 
+ 

+22 
+  18-29 
+  23^28 
+ 

-49 
+  12-17 
+  17-21 
-46-60 
+  ? 
+ 

—  00 

_  9 

+ 

-44-54 
-39 

-35 

+ 

+20 

+ 

+  75 

+25 

+  25 

+40 

+oO 
+ 

+ 
-35 

+ 

-37 

-50 

Castor 

Procvon  

PoUilx 

jSUrsre  Majoris 
05  Ursa;  Majoris 
j3  Leonis  

Spica    

T]  Ursoe  Majoris 
Arcturus 

Bootes 

a  Coi'onse     

Veffa    

aCygni    

aPegasi  

Mr.  Christie  remarks : — "Notwithstanding these  difficulties,  it  is 
gratifying  to  find  that  out  of  the  list  of  twenty-one  stars  which  have 
been  observed  both  by  Dr.  Huggins  and  Mr.  Maunder  there  are 
only  two  cases  of  discordance,  and  for  both  these  stars  Dr.  Hu"-- 
gins  has  expressed  himself  as  dissatisfied  with  his  observations  ; 
whilst  the  Greenwich  results  for  these  stars  rest  on  too  few  obser- 
■\ation3  at  present."' 

Since  this  paper  v>as  presented  to  the Boyal  Astronomical  Society, 
the  displacement  of  the  FrauJihofer  lines  in  the  spectrum  of  "N'enus 
has  been  obser\ed  at  Greenwich;  and  it  agrees  in  direction  vrith.  the 
kuown  movement  of  that  planet. 

It  is  not  necessary  for  me  to  investigate  the  causes  of  Father 
Secchi's  want  of  success.  It  is  sufficient  to  say  that  from  the 
first  I  considered  the  obtaining  of  the  assurance  that  the  com- 
parison of  the  star- spectrum  ^^ith  that  of  a  terrestrial  substance 
was  not  in  the  very  least  affected  by  the  motions  of  the  telescope 
to  be  obviously  one  of  the  very  first  and  most  necessary  precautions 
to  take. 
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Fathor  Secclii  writes  : — "  Nous  acquimes  la  conviction  quo  la  raie 
pouvait  parailro  constamment  d'un  cntt'  on  dt?  I'autro,  selon  la  dis- 
position do  rinstruniont  sans  quo  robservateur  out  un  indice  assez 
bur  ])our  reconnaitro  rillusion  dont  il  otait  victime."  !Such  an  illu- 
sion was  scarcely  possibk*  in  the  method  which  I  employed,  because 
from  the  lirst  1  was  careful  to  add  to  other  necessary  precautions, 
that  of  directing  frequently  the  telescope  with  the  spectroscope 
attached,  to  the  moon,  when  the  triple  line  h  always  coincided  per- 
fectly with  the  three  bright  lines  of  magnesium.  When  the  instru- 
ment, without  any  possible  derangement,  was  again  directed  to  the 
star,  the  same  displacement  of  the  line  was  seen  which  had  been  ob- 
served previously. 

It  is  also  not  necessary  for  me  to  state  the  special  precautions 
which  have  to  be  taken  when  a  st(?llar  line  "  tres-large  et  estanipce  h. 
son  bord  "  has  to  be  compared  with  the  bright  line  /3  of  hydrogen, 
because  many  of  the  comparisons  were  made  with  narrow  and  de- 
fined stellar  lines  with  the  lines  of  magnesium  and  of  sodium.  The 
displacement  due  to  the  approach  of  Arcturus  was  observed  not  only 
in  the  case  of  the  line  F  with  hydrogen,  but  also,  in  the  case  of  the 
triple  line  6,  mth  the  three  lines  of  magnesium,  and  the  double 
line  D  with  the  two  lines  of  sodium. 

The  observations  of  the  displacements  of  lines  in  the  spectra  of 
stars  are  necessarily,  from  their  nature,  of  extreme  delicacy ;  and 
success  can  be  expected  only  when  suitable  care  and  precautions  are 
taken. 

Father  Secchi  says,  p.  762,  "M.  Huggins  reprifc  peu  aprcs  la 
question."  The  application  of  the  spectroscope  to  the  movements 
of  the  heavenly  bodies  was  entirely  original  on  my  part.  It  is  true 
that  Father  Secchi's  letter  describing  his  negative  results  appeared 
in  the  ComptesRendus  for  March  2,  18G8,  while  my  paper  was  pre- 
sented to  the  Royal  Society  the  following  month,  April  23,  18(38 ; 
but  my  observations  for  the  most  part,  as  is  stated  in  niy  paper,  were 
made  during  the  preceding  year.  The  idea  of  the  method  was  fami- 
liar to  Dr.  Miller  and  myself  at  the  time  of  our  comparisons  of  stellar 
with  terrestrial  spectra  in  1862-63 :  see  Phil.  Trans.  1868,  p.  529. 


ON  THE  INTEENAL  CONSTITUTION  OF  MAGNETS.      BY  J.  JAMIN. 

In  a  saturated  magnet  of  infinite  length,  the  magnetic  intensities 
y  are  expressed  by  the  formula  of  y^Al---'',  which  represents  a 

curve  the  more  elongated  as  Jc  is  smaller :  ;  is  what  I  have  named 

the  coejjlcicnt  of  conductivity.  For  one  and  the  same  quality  of  steel 
in  its  different  states  A  is  invariable ;  but  the  conductivity  increases 
\v\\\\  the  annealing,  and  takes  its  least  ^■alue  wlien  the  steel  has  been 
dipped  at  a  white  heat  in  cold  water.  If  now  different  kinds  of 
tempered  steel  are  compared,  mo  find  lliat,  the  higher  the  degree  of 
acieration,  the  less  is  this  minimum  of  condiicti\ity.     But  as  the 
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commercial  kinds  do  not  contain  more  than  1  per  cent,  of  carbon,  I 
had  prepared  by  M,  Dalifol  a  series  of  steels  which  have  been  sub- 
mitted to  repeated  cementations,  then  cast,  in  which  the  proportion 
of  carbon  progressively  increases,  and  the  last  members  of  the  series 
^dll  not  bear  the  forge.  Chilled  at  a  white  heat  they  are  more  and 
more  hard,  not  attacked  by  acids  except  aqua  regia,  less  and  less 
conductors  of  magnetism,  and,  what  is  more,  less  and  less  magnetic. 
The  last  members  are  scarcely  attracted  by  an  electromagnet,  scarcely 
magnetized  by  a  powerful  coil  either  during  or  after  the  passage  of 
the  current  {Comptes  Rendus,  vol.  Ixxvii.  p.  91). 

I  have  explained  these  fa<?ts  by  assuming  that  those  steels  which 
are  bad  conductors  of  magnetism  in  the  direction  of  their  length  are 
the  same  also  in  the  direction  of  their  depth — that  their  magnetiza- 
tion, considerable  at  the  surface,  decreases  thence  to  the  centre,  and 
that  for  the  most  cemented  the  magnetized  layer  does  not  exceed 
the  thickness  of  a  varnish.  I  have,  besides,  established  that  the 
law  of  the  decrease  of  magnetism  is  given  by  the  preceding  formula. 
These  ideas  having  been  recently  contested  on  the  gro'and  of  some 
experiments  neither  very  precise  nor  correctly  interpreted,  I  pro- 
ceed to  defend  them  and  give  them  precision  by  more  thorough  in- 
vestigation. 

I  take  as  an  example  a  bar  of  steel  prepared  by  M.  Dalifol,  very 
homogeneous,  well  tempered,  very  hard,  and  having  very  little  con- 
ducti'\dty.  Its  dimensions  were — length  280  milllms.,  breadth  50 
millims.,  and  thickness  10-6  millims.  After  magnetizing  it  to  satu- 
ration, and  keeping  it  at  rest  for  some  days  to  bring  it  to  its  defini- 
tive equilibrium,  I  dissolved  it  gradually  in  cold  aqua  regia,  taking 
it  out  from  time  to  time  to  measure  its  thickness  e  and  its  total 
magnetism  M,  continuing  the  operation  without  interruption,  as 
rapidly  as  possible,  during  one  whole  day.    Here  are  the  results  : — 


€. 

M. 

Difference  for 
01  millim. 

Fraction  removed. 

Thickness. 

Magnetism. 

millim. 
10-6 
105 
10-4 
10-3 
10  2 
10  0 

99 

9-4 

8-9 

8-6 

8-4 

millim. 
25  00 
22-90 
21-26 
20-05 
J  9-00 
17-25 
16-62 
14-08 
12-20 
11-45 
1100 

2-)0 
1-64 
1-21 
1  05 
0-85 
063 
0-43 
0-35 
0-25 
020 

0009 
0018 
0-028 
0-037 
0-056 
0-066 
0-113 
0-160 
0-188 
0-207 

0-084 
0-142 
0-198 
0-240 
0-310 
0-335 
0436 
0-512 
0-550 
0-564 

The  values  of  M  sensibly  satisfy  the  equation  M=Ae+Br^  The 
third  column  contains  the  losses  of  magnetism  for  successive  dimi- 
nutions of  thickness  equal  to  0-1  millim.     These  losses,  at  first  equal 
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lo  2-1,  diminisli  rogularly  down  to  0-2  ;  therefore  the  deusity  of  the 
magnetic  layer  diminishes  from  the  surface  lo  the  centre. 

The  fourth  cohimn  contains  the  fractions  of  thickness  removed ; 
the  liftli,  the  fractious  of  magnetism  vanislied.  These  hitter  are 
always  greater  than  the  former.  When  the  thickuesa  is  diminished 
-,'^,  the  magnetism  becouies  yV  1<?ss  ;  if  v,c  take  away  ^of  the  thick- 
ness, we  remove  half  of  the  magnetism.  In  other  terms,  in  consu- 
ming on  each  side  yy,-  of  a  millim.  we  take  one  fourth  of  the  total 
magnetism,  and  for  I'l  milliua.  nearly  two  thirds.  Therefore  tho 
two  thirds  of  the  magnetism  were  confined  within  a  layer  of  1-1 
millim.  thickness,  enveloping  a  nucleus  of  8-4  millims.  which  pre- 
serves about  one  thii'd  only  of  the  total  magnetism. 

If  we  remagnetize  this  nucleus  of  S"-4  millims.,  we  give  it  a  total 
magnetism  equal  to  23'o,  nearly  as  much  as  the  original  bar  possessed 
before  its  wasting.  "We  see  that  by  this  remagnetization  a  new- 
magnetic  laver  is  produced  at  the  siu-face  to  replace  that  which  was 
taken  away,  and  is  nearly  equal  to  it,  can  be  itself  taken  away  like 
the  first  and  be  replaced  like  it  in  the  subjacent  thicknesses. 

In  steel  still  more  cemented  the  magnetism  intrenches  itself  wdthiu 
a  thickness  still  less ;  but  in  the  commercial  kiuds  of  steel,  which 
are  much  more  conductive,  the  magnetism  penetrates  almost  uni- 
formly the  entire  mass,  as  might  be  easily  foreseen*. 

These  results  are  in  harmony  with  the  theory.  If  it  be  admitted 
that,  in  a  bar  of  thickness  2E,  starting  from  the  two  faces  the  mag- 
netism diminishes  according  to  the  same  law  as  in  the  direction  of 
the  length,  we  find  that  it  is  expressed  by  the  formula 

.r  is  counted  from  the  middle  of  the  bar.  To  get  the  total  quantity 
M  of  magnetism  comprised  within  this  bar  from  —  <'  to  +e  (that  is 
to  say,  reduced  to  the  thickness  2e),  ycLv  must  be  integrated  from 
+  e  to  —c,  which  giAes 

M=rA/-E//_7.-');   (1) 

*  This  is  the  cafe  of  M3I.  Treve  and  Durassicr.  They  measure  tho 
qutmtity  of  niapiietism  by  the  siue  of  tlie  deviation  fziven  by  the  magnet 
lo  a  compass  uear  it.  All  pliysicists  know  that  this  method  measures 
iiothiiip:  when  the  compass  is  close  and  the  deviation  great.  ]hit  if  we 
admit  it  to  be  a  good  method,  it  Avill  at  least  require  accurate  calculation. 
The  quantity  of  magnetism  would  be  expressed  not  by  the  sine,  but  by  the 
tangent  of  the  deviation,  as  in  the  imnia>t-com\>i\?'9.  On  correctino- this 
error  of  calculation  in  the  experiments  of  MM.  Treve  and  Durassier,  it 
becomes  evident  that  the  magnetism  is  not  proportional  to  the  weight  of 
the  steel,  that  it  is  represented  not  by  a  right  line,  but  by  a  curve,  and 
that  the  magnetism  is  denser  at  the  surface  than  at  the  centre.  In  brief, 
(1)  tho  magnetism  is  not  proportional  to  the  weight  of  the  steel ;  (2)  the 
method  employed  was  inadequate  ;  (3)  there  is  an  error  in  the  calculation 
of  the  experiments ;  (4)  when  it  is  corrected,  results  are  found  couformable 
to  mine. 
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or,  developing  in  a  series, 

M=4A7.-E(e+ 3-4-3  ^''^•+---)'    ••••   (2) 

a  formula  iu  conformity  with  the  preceding  measurements. 

Nevertheless  the  experiment  of  the  dissolution  of  a  magnet  is  far 
fx'om  simple.  Numerous  experiments  prove  that  the  residual  mag- 
netism of  the  nucleus  is  a  function  of  the  duration  of  the  more  or 
less  rapid  dissolution,  of  the  length  of  the  steel,  and  of  a  multitude 
of  perturbing  circumstances.  If  the  foregoing  results  suffice  to 
prove  the  concentration  of  magnetism  at  the  surface,  they  cannot 
serve  for  finding  the  exact  law  of  its  internal  distribution ;  we 
shall  therefore  pursue  another  course. 

I  magnetize  the  bar  after  applying  to  its  extremities,  upon  the 
two  faces,  two  long  armatures  of  soft  iron,  tightened  by  pressure- 
screws.  It  is  kuowu  that  it  then  receives,  as  if  it  were  infinite, 
the  whole  quantity  of  magnetism  which  its  mean  girth  can  contain. 
I  measure  this  magnetism,  and  then,  having  reduced  the  bar  iu 
aqua  regia,  repolished  its  surface  at  the  grindstone,  and  replaced 
the  armatures,  I  resume  the  magnetization  and  its  measurement. 
I  determine,  therefore,  at  each  operation  thus  effected,  the  sum  of 
magnetism  M  taken,  at  saturation,  by  one  and  the  same  steel  of  in- 
finite length  and  diminishino[  thickness  E. 

On  the  other  hand,  this  quantity  of  magnetism  is  expressed  by 
the  formula  (1).     Supposing  e=E,  we  have 

^^=0^(l-^^-"')^Iz|^K=O  =  ^°^^«tant.    ..    (3) 

For  determining  the  constant  h  it  is  sufficient  to  take  upon  the 
curve  two  values  M  and  M^  corresponding  to  two  thicknesses  2E 
and  E:— 

Pat  h-^=z,  7c~^^=z',  and,  dividing, 
M       1-r- 


M,       1-;:' 

an  equation  of  the  second  degree,  the  roots  of  which  are  : — the  one, 
z'  =  l,  which  does  not  satisfv  the  question;  the  other, 

Taldng  the  millimetre  as  unit  of  thickness,  the  mean  value  of  h 
has  been  found  equal  to  1*0853.  The  following  Table  shows,  in 
accordance  with  the  formula,  that  the  quotient  of  M  by  1 — Z.— 2E  is 
a  constant  quantity.  We  shall,  in  consequence,  admit  the  law  of 
dimiiuition  of  magnetism  in  the  interior  expressed  by  formula  (3). 
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M 

M 

E. 

M. 

1-/J-2E- 
Gl  11 

E. 

M. 

1  -A-2E 

10-9 

ft  10 

6-8 

40-0 

5857 

10-5 

49-5 

00-07 

6-2 

38-0 

59-22 

91) 

49-22 

(51 -06 

5-7 

36-0 

58-99 

9-5 

481 

60-69 

5-2 

34  0 

58-66 

910 

460 

59-10 

4-9 

330 

59-39 

8-5 

45-5 

60-25 

4-1 

28-7 

58-24 

8-4 

44-6 

59-37 

4  4 

31-0 

5961 

815 

441 

59-49 

37 

26-7 

58-49 

7-6 

4:J0 

6007 

2-95 

22-6 

58-61 

72 

40-5 

57-26     1 

2-50 

20-0 

5900 

On  discussing  tliat  formula  we  see  that  if  E  increases,  1c~-^  di- 
ininishes  and  M  increases.  Tlierefore  the  magnetism  augments 
\\ith  Ihe  tluckness  of  the  bar.  J^'rom  a  suflit-ient  thickness  (the  less 
as  /.-  is  greater)  the  magnetism  no  louger  augments  with  E,  but 
takes  a  limiting  value 

*^.=  o- 

This  limiting  value  is  the  less  the  greater  h  is  or  the  steel  less  con- 
ducti\e ;  ^\•hence  it  follows  that  steels  which  are  much  cemented 
and  chilled  will  be  magnetized  very  little,  and  equally  under  all 
thicknesses.  Those  singular  kinds  of  steel  which  are  no  longer 
magnetic  are  thus  accounted  for. 
Developing  Z;~^,  we  can  write 


M=4AE=  M 


1.2  ^    ; 

Supposing  that  E  increases  from  E  to  jjE, 


0 


M 


=  4AnE(l-!!^^ +...); 


but  if  wc  superposed  n  plates  of  thicliucss  E,  we  should  have 


The  ratio 


M,=4AuEA-^'+...Y 


M,      2-EZ.Z;+ 


M 


^-iiEl.lc 


increases  with  n ;  whence  we  see  that  a  bundle  of  n  plates  will 
always  be  more  powerful  than  a  bar  of  the  same  steel  having  the 
same  dimensions  ;  and  ihe  ratio  wdl  increase  indelinitely  ^\ith  the 
number  of  the  plates.  This  justifies  the  employment  of  thin  plates 
in  the  construction  of  magnets. — Comj^tes  liendus  de  VAcademie  des 
Sciaic:s,  vol.  Ixxxii.  pp.  lO-2-A. 
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ON  THE  DETSKMES^ATION  OF  THE   SOLIDIFTIKG-TEMPEEATUEE  OF 
LIQUIDS,  AXD  IN  PARTICULAR  OF  SULPHUR.      BY  D.  GERNEZ. 

The  determination  of  the  temperature  at  -tt-hich  the  passage  of  a 
body  from  the  solid  to  the  liquid  state  is  effected,  or  inversely, 
presents,  notwithstanding  its  apparent  simplicity,  uncertainties 
which  have  only  been  dissipated  for  a  relatively  restricted  number 
of  substances,  even  when  the  change  of  state  takes  place  abruptly — 
that  is  to  say,  when  the  soHd  becomes  suddenly  liquid  through  an 
infinitesimal  change  of  temperature.  The  slowness  with  which  the 
fusion  of  a  body  is  produced  in  a  bath  at  a  constant  temperature  but 
little  above  the  fusing-point,  and  the  imperfect  conductivity  of  the 
substances  (which  pennits  certain  parts  of  the  liquid  to  attain 
temperatures  above  that  of  the  part  not  melted),  have  led  physicists 
to  substitute  for  the  determination  of  the  fusing-j)oint  that,  sujijposed 
identical,  of  the  point  of  solidification  :  only  it  often  happens  iu  this 
case  that  the  measurements  are  found  to  be  falsified  in  consequence 
of  the  phenomena  of  surfusion.  As  I  will  show,  these  phenomena 
can  be  utilized  to  determine  the  solidifying-temperature  of  liquids 
with  a  precision  only  limited  by  the  patience  of  the  experimenter. 

For  this  purpose,  into  a  glass  tube  3  centims.  in  diameter,  closed 
at  one  end,  such  a  quantity  of  the  solid  is  put  that  in  the  liquid 
state  it  foims  a  column  5  or  6  centims.  in  height ;  along  the  axis 
of  the  tube  a  thermometer,  held  by  a  cork,  is  arranged,  the  bulb  of 
which,  sufiiciently  small  to  have  only  a  negligible  efi'ect  on  the 
temperatiu'e  of  the  surrounding  liquid,  descends  to  within  a  few 
miUims.  of  the  bottom,  without  touching  the  tube.  The  fusion  of 
the  body  is  then  determined  by  putting  it  into  a  bath  of  water  or 
paraffin  at  a  temperature  a  few  degrees  higher  than  the  presumed 
point  of  soHdification.  'V^'hen  the  body  is  cntu'ely  melted,  the  tube 
is  brought  into  a  bath  at  a  constant  temperature  lower  than  the 
temperature  sought ;  and  we  wait  until  the  indications  of  two 
thermometers  (one  internal,  the  other  external)  difi'er  only  very 
little.  The  result  is  accelerated  by  turning  the  tube  on  its  axis — 
which  does  not  provoke  solidification,  unless  in  the  movement  the 
thermometer  rubs  against  the  sides  of  the  tube  bathed  by  the  liquid. 
The  body  being  thus  in  the  state  of  surfusion,  a  fine  glass  needle 
with  its  extremity  covered  vdth  a  small  quantity  of  the  material  in 
the  pulverulent  state  is  introduced  through  a  second  aperture  in  the 
cork,  and  this  extremity  brought  into  the  liquid,  the  solidification  of 
which  is  immediately  determined.  To  urge  on  the  phenomenon,  the 
cork  is  rotated  about  its  axis,  which  moves  the  stem  and  carries  the 
crystalline  germs  cylindrically  round  the  thermometer,  the  indica- 
tions of  which  are  then  followed,  it  soon  attaining  a  maximum 
certainly  not  higher  than  the  solidifying-point,  but  possibly  lower. 
The  experiment  is  then  recommenced,  the  preceding  maximum  being 
chosen  for  the  temperature  of  the  suiTounding  bath ;  and  by  ope- 
rating in  the  same  manner  the  solidification  of  the  liquid  is  deter- 
mined :  it  is  found  that  the  thermometer  rises  to  a  maximum  higher 
than  the  previous  one.  After  two  or  three  trials  of  this  sort, 
temperatrires  are  arrived  at  which  diflier  from  one  another  by  only  a 
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negligible  fraction  of  a  clegrec  :  the  highest  of  tlicm  is  taken  for  the 
soliclitieatiou-teniporatnrc  of  the  substance,  applying  to  it  the  cor- 
rection arising  from  tlie  circumstance  that  the  whole  of  the  stem  of 
the  thermometer  is  not  bathed  by  the  liquid. 

I  have  turned  to  account  the  precision  which  this  process  permits, 
especially  to  elucidate  the  variou'^  peculiarities  presented  by  the 
change  of  state  of  sulphur ;  and  the  following  are  the  chief  results 
at  which  I  have  arrived  :  — 

The  most  simple  results  is  that  which  relates  to  sulphur  insoluble 
in  sulphide  of  carbon,  obtained  by  exhaustion  from  flowers  of 
sulphur.  The  solidification  of  this  variety  takes  place  at  114°-3  C, 
whatever  may  be  the  temperature  at  wliich  it  was  melted  :  thus,  in 
all  the  experiments,  I  have  not  found  more  than  j\j  of  a  degree 
diftcrence  between  the  temperature  of  solidification  of  the  sulphur 
which  had  been  brought  to  ebullition  and  that  at  which  the  same 
substance  solidifies  after  being  heated  to  170^  only,  or  even  121°. 

This  constancy  of  the  solidifying-point  is  not  found  in  the  otlier 
varieties.  For  octahedral  sulphur  the  temperature  of  solidification 
is  higher  when  it  has  been  fused  at  the  lowest  possible  temperature 
— for  instance,  at  121°;  in  this  case  it  reached  117°'4.  If  the 
liquid  has  been  heated  to  144°,  it  is  only  113°-4 ;  it  descends  to 
112°-2  for  the  sulphur  kept  five  minutes  at  170°  (which  renders  it 
very  \nseous,  and,  according  to  ^I.  Berthelot's  experiments,  produces 
the  maximum  of  insoluble  sulphur).  Starting  from  this  value,  the 
temperature  of  solidification  rises  rapidly  to  114°-4,  the  solidifying- 
point  of  the  sulphur  which  has  been  heated  to  various  temperatures 
between  200°  and  447^.  This  last  value  is  sensibly  the  same  as 
that  which  corresponds  to  the  solidification  of  the  insoluble  suljihur. 

In  regard  to  prismatic  sulphur,  its  temperature  of  solidification 
depends  on  its  previous  state.  If  it  comes  from  insoluble  sulphur,  it 
behaves  like  this  ;  nevertheless,  when  it  is  submitted  to  several 
successive  fusions  and  solidifications,  not  much  exceeding  the  fusing- 
temperature,  the  solidifying-point  may  rise  more  than  one  degree. 
In  like  manner,  if  it  comes  from  octahedral  sulphur  its  solidifying- 
tcmperature  depends  on  the  temperature  to  which  it  has  been 
brought.  Thus,  if  it  comes  from  sulphur  heated  to  170°  (the 
solidifying-point  of  which  is  112°-2),  and  has  been  liquefied  at 
about  120°  or  123°,  the  temperature  of  solidification  rises  gradually 
each  time,  and  after  a  sufficient  number  of  fusions  and  crystalliza- 
tions it  becomes  equal  to  117°"4. 

Soft  sulphur,  flowers  of  sulphur,  and  roll  sulphur  conduct,  as 
might  have  been  expected,  to  results  intermediate  to  those  which  I 
have  noted  for  insoluble  and  octahedral  sulphur,  both  of  which 
enter  into  their  constitution. 

These  peculiarities  account  for  the  diversity  of  the  numbera  given 
for  the  temperature  of  change  of  state  of  sulphur  by  observers  whose 
skill  there  is  no  reason  for  calling  in  question.  The)-  also  show  how 
tenacious  are  the  modifications  resulting  from  the  tempering  of 
sulphur,  since,  in  order  to  cause  their  disappearance,  a  considerable 
number  of  successive  fusions  and  crystallizations  are  necessary. — 
Com2^t'S  licmhis  de  VAcad.  des  Sciences,  vol.  Ixxxii.  pp.  1151  -1153, 
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XII.    On  the  Specific  Heats  of  Gases. 
By  EiLiiARD  Wiedemann*. 

[Plate  I.] 

SINCE  the  publication  of  Regiiault's  work  on  the  specific 
heats  of  gases  this  subject  has  not,  so  far  as  I  am  aware, 
been  experimentally  dealt  with.  The  apparatus  required  to 
carry  out  such  investigations  as  those  of  Regnault  is  not 
usually  at  the  command  of  many  physicists. 

I  have  sought  to  discover  methods  which  would  enable  the 
experimenter  to  prosecute  with  exactness,  yet  with  less  com- 
plicated appliances,  this  inquiry,  which  has  such  important 
bearings  upon  the  mechanical  theory  of  heat  and  also  upon 
molecular  chemistry. 

In  the  following  first  communication  the  methods  of  obser- 
vation will  be  described,  measurements  of  the  specific  heat  of 
air  will  then  be  given,  and,  lastly,  the  relation  between  specific 
heat  and  temperature  in  the  case  of  a  few  gases  will  be  in- 
vestigated f. 

In  performing  his  measurements  Regnault  used  an  appa- 
ratus which  consisted  essentially  of  three  paris — the  vessel  for 
storing  the  gas  (gasometer),  the  heating-apparatus,  and  the 
calorimeter.  Regnault's  gasometer  was  of  copper  foil  5  millims. 
in  thickness,  and  had  a  capacity  of  about  30  litres  ;  the  gas 
to  be  examined  was  compressed  in  it  by  means  of  a  force- 
pump.     Pressures  varying  from   3000  to  4000  millims.   of 

•  From  Pogg.  Ann.  der  Physik  und  Chemie,  vol.  clvii.  pp.  1-42.  Trans- 
lated by  M.  M.  Pattison  Muir,  The  Owens  College,  Manchester. 

t  It  need  hardly  be  mentioned  that  Regnault  has  himself  fully  dis- 
cussed the  sources  of  error  which  may  arise  in  his  own  methods  of  obser- 
vation. 

Fhih  Mac.  S.  5.  Vol.  2.  No.  9,  Auff.  187G.  Ot 
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mercurv  (at  0°  C.)  were  frequently  employed  ;  9000  millims. 
was  an  attainable  pressure.  The  gases  could  easily  be  sent 
through  the  wanuing-apparatus  and  calorimeter  in  sufficient 
quantity  and  witli  the  necessary  velocity.  As  the  volume  of 
the  copper  containing-vessel  was  known,  the  quantity  of  gas 
used  could  be  calculated  from  the  pressure  existing  before  and 
after  the  experiment.  That  i)art  of  the  apparatus  in  which 
the  gases  were  warmed  consisted  of  an  oil-bath  containing  a 
tube  of  brass  or  platinum  8  millims.  in  width  and  10  metres 
in  length,  through  which  the  gas  was  allowed  to  flow.  The 
calorimeter  consisted  of  a  similarly  shaped  spiral  of  thin  sheet- 
tin  surrounded  with  water.  In  taking  an  obserxation  a  known 
quantity  of  the  gas  under  examination  was  allowed  to  flow 
through  the  warming-apparatus,  which  was  heated  to  a  deter- 
minate temperature  ;  the  heat  thus  absorbed  was  again  given 
up  to  the  water  in  the  calorimeter ;  and  from  a  determination 
of  this  quantity  of  heat  the  specific  heat  of  the  gas  could  be 
readily  calculated. 

In  order  to  ensure  correct  determinations,  it  was  especially 
necessary  that  the  gas  should  be  completely  heated  to  the 
temperature  of  the  warming-apparatus,  and  that  it  should  also 
entirely  give  up  its  heat  in  the  calorimeter.  The  spiral 
through  which  the  gas  flowed  was  therefore  required  to  pre- 
sent a  considerable  surface  to  the  fjas  and  thus  to  be  of  con- 
siderable  length.  This  was  the  more  requisite,  masmuch  as 
the  gas  passed  through  the  apparatus  with  a  very  considerable 
velocity,  as  much  as  24  litres  per  minute.  The  length  of  the 
spiral  necessitated  that  the  vessel  containing  it  should  be  of 
somewhat  large  dimensions.  In  the  greater  number  of  Reg- 
nault's  researches  the  mass  of  water  used  amounted  to 
660  grms.,  calculated  to  the  water-value  of  the  spiral,  the 
outer  vessel,  and  the  stirrer.  In  order  to  bring  about  a  suf- 
ficient elevation  of  temperature  in  this  mass  of  liquid,  a  large 
quantity  of  heated  gas  was  necessarily  employed. 

The  first  problem  to  be  solved  appeared  then  to  bo  how  to 
diminish  the  size  of  the  calorimeter  and  at  the  same  time  to 
allow  the  gas  to  give  up  all  its  heat — in  other  words,  how  to 
bring  the  heated  gas  into  contact  with  the  largest  possible  sur- 
face in  the  smallest  possible  space.  For  this  purpose  a  method 
first  made  use  of  by  Ericson  in  the  construction  of  his  air- 
machine  was  employed.  It  consisted  in  passing  the  gas  over 
copper  gauze,  which  exposed  a  large  surface  for  carrying  away 
the  heat 

Description  of  the  Apparatus  (Plate  I.). 

The  heating-vessel  consists  of  a  copper  box  (hard-soldered), 
M,  20  eentims.  in  height,  18  centims.  in  breadth,  and  21  can- 
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tims.  in  length,  furnished  with  a  funnel-shaped  protuberance, 
P.  In  this  box  is  placed  the  thin-walled  copper  cylinder,  G, 
which  has  a  length  of  11  centims.  and  a  diameter  of  4  centims., 
and  is  filled  with  fine  copper  gauze.  The  gas  enters  by  m  n 
and  departs  by  op.  The  latter  tube  is  made  of  copper  so  far 
as  s,  from  s  to  p  it  consists  of  German  silver  :  it  is  17  millims. 
in  length.  It  was  found  that  too  much  heat  was  conducted 
from  the  warming-vessel  to  the  calorimeter  if  the  exit^tube 
was  made  entirely  of  copper  ;  the  correction-constant,  k  (to 
be  discussed  hereafter),  received  therefore  too  high  a  value. 
A  thermometer  passes  through  the  lid  of  the  heating-vessel. 
The  liquid  in  the  warming-vessel  is  constantly  kept  in  motion 
by  means  of  a  stirrer,  which  consists  of  two  perforated  hori- 
zontal plates  hard-soldered  to  a  stirrup  V,  and  at  a  distance 
from  one  another  somewhat  greater  than  the  breadth  of  the 
copper  cylinder.  A  cord  passing  from  Y  over  a  pulley  is  con- 
nected with  clockw^ork,  whereby  the  stirrer  is  raised  twenty  times 
per  minute  ;  it  falls  again  by  its  own  weight.  By  an  an-ange- 
ment  of  sockets  any  liquid  which  might  be  carried  up  with 
the  stirrer  finds  its  way  back  into  the  Avarming-vessel.  The 
temperature  of  the  water  (or  paraffin)  was  regulated  so  that 
it  did  not  vary  more  than,  at  the  utmost,  1°  during  the 
experiments. 

The  calorimeter  (/:)  consists  of  a  silver  vessel,  outwardly  of  a 
cylindrical  shape,  5^  centims.  in  height  and  42  millims.  in 
width,  the  thickness  of  the  walls  being  0*35  millim.  Three 
vertical  silver  tubes,  bound  together  by  little  horizontal  tubes, 
are  fused  into  the  calorimeter  ;  these  serve  for  receiving  the 
heat  given  up  by  the  gas  under  examination.  The  gas  enters 
through  the  tube  /3  placed  horizontally  8*5  millims.  from  the 
bottom  of  the  cylinder  (this  tube  is  8  millims.  in  breadth)  ; 
thence  it  pases  to  the  first  vertical  tube,  from  the  upper  end 
of  which  it  is  conveyed  to  the  next  tube,  and  so  on,  finally 
making  its  exit  by  the  narrow  tube  (2^  millims.  wide)  q. 
The  individual  tubes  are  9  millims.  in  breadth  and  41  millims. 
in  height ;  they  are  all  filled  with  silver  gauze.  Through  a 
lid  placed  on  the  top  of  the  vessel  pass  a  thermometer,  the 
stirrer,  and  the  tube  q.  The  bulb  of  the  thermometer  is  placed 
between  the  first  and  third  tube,  the  stirrer  between  the  second 
and  third. 

Fig.  A  represents  a  section  of  the  calorimeter  at  the  level  of 
the  entering  tube.  /3  is  the  tube  by  which  the  gas  enters ;  a,  b, 
and  c  are  the  first,  second,  and  third  silver  tubes  respectively ; 
/  is  the  thermometer,  and  r  is  the  stirrer.  A  small  quantity 
of  grease  is  introduced  between  the  rim  of  the  lid  and  the 
vessel  to  prevent  the  escape  of  the  water  which  may  be  raised 

G2  ' 
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up  in  stirring.  The  warming-vessel  and  calorimeter  are  con- 
iieeted  together  by  means  of  a  cork,  as  was  done  by  Regnault 
in  his  apparatus. 

In  order  to  maintain  a  constant  temperature  around  the 
calorimeter  during  an  experiment,  the  calorimeter  is  placed  in 
a  cylindrical  vessel  of  sheet  brass  having  two  walls  ;  the  height 
of  this  vessel  is  17^  centims.,  and  the  diameter  14^  centims. 
A  funnel-shaped  orifice  in  the  front  part  of  this  vessel  allows 
of  the  introduction  of  the  tube  /3  without  contact  between  the 
two.  By  moans  of  the  side  tubes  water,  maintained  at  nniform 
temperature,  is  allowed  to  circulate  through  this  vessel.  A 
wooden  j)artition  covered  with  tinfoil,  -,  and  furnished  with  a 
circular  opening  in  the  centre,  protects  the  vessel  just  described 
from  the  he;it  radiated  from  the  warming-apparatus.  The 
calorimeter  is  supported  in  a  wicker  stand  in  the  centre  of 
the  brass  vessel  x-  ^  board  covered  with  tinfoil  is  placed  on 
the  topof  pj^;  and  to  this  board  another,  protected  in  the  same 
manner,  is  vertically  attached. 

The  latter  carries  a  pulley,  over  which  passes  the  cord 
attached  to  the  stirrer  of  the  calorimeter  ;  the  stirrer  is  moved 
upwards  and  downwards  40  to  50  times  per  minute. 

The  thermometer  of  the  calorimeter  is  illuminated  from 
behind  by  means  of  a  gas-lamj),  the  heat-rays  from  which  are 
cut  off  by  the  interposition  of  four  glass  plates.  Immediately 
behind  the  thermometer  is  placed  a  glass  plate  covered,  with 
the  exception  of  a  space  equal  to  the  breadth  of  the  thermo- 
meter, with  tinfoil ;  by  means  of  this  arrangement  foreign 
light  is  cut  otf. 

The  thermometer  employed  was  graduated  to  tenths  of  a 
degree  ;  by  using  a  telescope  it  could  be  read  to  hundredths 
of  a  degree.  This  thermometer  was  calibrated  and  carefully 
compared  with  a  standard  from  O'^  to  40°. 

On  account  of  the  size  of  the  apparatus  and  the  great  pres- 
sures required,  Regnault's  method  of  storing  and  delivering 
the  gases,  and  of  measuring  their  volumes,  could  not  be  em- 
ployed. It  was,  however,  found  possible  to  modify  the 
method  of  Delaroche  and  Bcrard  so  as  to  obtain  exact  results. 
These  experimenters  forced  the  gases  from  moist  animal 
bladders,  which  were  placed  in  a  balloon  communicating  with 
another  into  which  water  issued  at  a  constant  velocity.  From 
the  quantity  of  water  entering,  tlie  quantity  of  gas  issuing 
could  be  be  calculated.  By  replacing  the  animal  membrane 
by  caoutchouc,  the  gases  could  be;  maintained  fre«  from 
moisture. 

The  apparatus  which  I  employ  has  the  following  disposi- 
tion : — A  large  glass  balloon  (0)  is  closed  air-tight  by  means 
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of  a  caoutchouc  stopper.  Two  glass  tubes,  a  wider  (yjr)  and  a 
narrower  ((/),  pass  through  this  stopper.  A  balloon  of  thick 
black  caoutchouc,  Q,  holding  about  20  litres  of  gas,  is  con- 
nected with  the  wider  tube  yjr,  which  is  closed  by  means  of  a 
caoutchouc  stopper  carrying  two  tubes — i  leading  to  the  heat- 
ing-apparatus, and  the  other,  leading  to  the  manometer,  k. 
The  manometer  consists  of  a  glass,  r,  into  which  the  graduated 
tube  k  is  fastened  air-tight.  By  means  of  the  stopcock  h, 
communication  can  be  made  or  broken  between  Q  and  the 
manometer.  Very  wide  stopcocks,  T  and  V,  are  placed  on 
the  tubes  a  and  i. 

The  second  balloon,  B,  besides  communicating  with  Q,  is 
fitted  with  two  holes — one  leading  to  the  manometer,  e,  the 
other  passing  to  the  bottom  of  the  vessel,  and  capable  of  being 
brought  into  connexion  by  means  of  the  stopcock  S  with  the 
water-cistern  A.  The  tubes  establishing  communication  be- 
tween B  and  C  are  so  wide  that  the  pressure  in  each  will  not 
alter  during  the  escape  of  gas  from  Q. 

The  manometers  e  and  k  contain  water  ;  the  smallest  varia- 
tions in  pressure  can  therefore  be  easily  read  off  without  the 
use  of  a  cathetometer.  Inasmuch  as  communication  between 
Q  and  r  is  made  by  means  of  a  tube  40  centims.  in  length  and 
bent  many  times,  and  also  iiiasnuich  as  each  experiment  only 
lasts  for  a  short  time,  the  wetting  of  the  gas  in  the  balloon  Q 
is  not  to  be  feared. 

B  stands  upon  a  bridge-balance,  by  means  of  which  the 
weight  of  this  balloon  can  be  ascertained  to  Vy'ithin  5  grms. 
with  certainty.  The  gas  escaping  from  Q  is  sent  through  an 
apparatus  F.  consisting  of  two  tubes  so  connected  together 
that  the  gas  passes  through  the  inner,  then  gives  u}i  its  heat 
to  a  thermometer,  and  finally  passes  on  through  the  outer 
tube.  These  tubes  are  placed  in  a  wooden  case.  TTie  tem- 
perature possessed  by  the  gas  issuing  from  Q  is  thus  ascer- 
tained. By  causing  the  gas  to  bubble  through  a  cylinder 
filled  with  sulphuric  acid  or  with  mercury,  j-,  the  rate  at  which 
it  is  flowing  is  noticed.  The  apparatus  y  is  filled  with  little 
glass  beads,  and  serves  to  retain  any  sulphuric  acid  which 
may  have  been  mechanically  carried  over  from  x. 

Before  carrying  out  determinations  of  the  specific  heats  of 
gases  -with  the  apparatus  just  described,  it  was  necessary  to 
ascertain  ^^'ith  certainty  whether  or  not  the  temperature  of  the 
gas  as  it  issued  from  the  heating-vessel  was  really  the  same, 
as  that  of  the  liquid  in  the  vessel.  For  this  purpose  an  ap- 
paratus similar  to  that  employed  for  determining  the  tempe-. 
rature  of  the  gas  before  it  entered  the  heating-vessel  was 
placed   in   connexion   with   the    (Terman-silver   tube   leading 
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Ironi  the  heating-vessel.  When  10  litres  of  gas  were  passing 
throngh  the  apparatus  per  minute  tlie  thermometer  remained 
constant  at  100°. 

Another  method  for  determining  that  the  gases  are 
thoroughly  warmed  has  been  proposed  by  llegnault.  He 
placed  a  thermometer  in  the  anterior  part  of  the  spind  of  the 
heating-vessel.  This  method  is  open  to  the  objection  that 
the  thermometer  is  exposed  to  the  influence  of  the  heat  radi- 
ated from  the  sides  of  the  apparatus.  A  gas  which  has  only 
cooled  slightly  will  therefore  produce  an  extremely  small 
effect  on  the  indication  of  the  thermometer. 

In  order  to  ascertain  whether  the  heated  gas  entirely  parted 
with  its  heat  in  the  caloi'imeter,  experiments  were  carried  out 
with  a  similarly  constructed  instrument,  in  which  the  three 
tubes  filled  with  silver  were  replaced  by  two  tubes  filled  with 
cop}>er  ;  the  numbers  representing  the  specific  heats  were 
identical  within  the  limits  of  experhnental  error.  It  was  also 
determined  that  the  heat  was  entirely  given  up  during  the 
passage  of  the  gas  through  the  first  tube  ;  when  one  of  the 
tubes  only  was  filled  with  copjjcr  gauze  and  a  thermometer 
surrounded  with  gauze  was  placed  in  the  second  tube,  the 
temperature  indicated  by  the  thermometer  was  almost  iden- 
tical with  that  of  the  surrounding  liquid.  By  using  three 
tubes  no  doubt  could  arise  as  to  whether  the  heat  was  entirely 
given  up  in  the  calorimeter. 

Even  if  the  gas  did  not  enter  and  leave  the  calorimeter  at 
the  exact  temperature  indicated  by  the  thermometer  in  the 
heating-vessel  and  in  the  calorimeter  respectively,  the  result 
of  the  experiments  would  be  but  very  slightly  affected  thereby, 
inasmuch  as  the  total  cooling  of  the  gas  is  represented  by  the 
difference  between  these  two  temperatures,  and  this  difference 
always  amounts  to  at  least  75°  0. 

Metliod  of  Observation. 

In  carrying  out  the  measurements  the  following  was  the 
method  of  procedure  : — 

The  balloon  Q,  after  having  been  entirely  emptied,  was 
filled  with  the  gas  to  be  examined,  the  gas  being  pure  and 
dry. 

For  this  purpose  the  balloons  B  and  C  were  disconnected, 
and  the  stopcocks  T  and  Y  were  opened.  In  order  that  the 
gas  should  enter  Q  at  a  fixed  temperature,  it  was  caused  to 
traverse  a  cylinder  filled  with  copper  gauze  and  surrounded 
with  water,  which  was  maintained  at  the  temperature  of  the 
air  of  the  room. 

The   thermometer  (F)  was  arranged  so  ae  to  indicate   (he 
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temperature  of  the  gas  as  it  entered  the  balloon.  The  time 
allowed  to  elapse  between  the  filling  of  Q  and  the  carrpng-' 
out  of  the  experiment  never  exceeded  half  an  hour  ;  in  this 
short  time  the  temperature  of  the  surroundings  and  of  the 
gas  itself  altered  but  slightly  :  the  thermometer  F  indicated 
very  nearly  the  true  temperature  of  the  gas  in  the  balloon  as 
that  gas  for  the  second  time  passed  over  its  surface. 

When  a  new  gas  was  to  be  examined,  the  balloon  Q,  having 
been  emptied,  was  only  partially  filled  with  this  gas  and  again 
emptied  before  being  finally  filled  ;  in  this  way  the  last  traces 
of  the  gas  originally  in  the  balloon  were  removed. 

In  filling  Q  the  gas  was  allowed  to  stream  through  until 
the  walls  of  the  balloon  were  stiffly  distended.  On  account 
of  their  weight  the  walls  of  the  balloon  then  pressed  upon  the 
contained  gas  vdxh  a  force  equal  to  1  centim.  of  water,  as 
determined  by  the  manometer  k. 

The  stopcock  Y  being  closed  the  calorimeter  was  connected 
in  its  place.  B  and  C  were  connected  and  the  pinchcock  E 
was  removed ;  h  and  c  in  the  balloon  B  were  then  connected, 
D  was  removed,  and  water  was  allowed  to  flow  from  A  until 
the  manometers  k  and  e  showed  the  pressure  at  which  the  gas 
was  to  be  allowed  to  issue  from  Q. 

S  ha^'ing  been  then  closed,  D  and  E  replaced,  and  A  and 
B  and  B  and  C  disconnected,  the  balloon  was  weighed  in  the 
balance  W.  A,  B,  and  C  were  then  once  more  connected,  D 
and  E  were  again  removed,  and  T  was  opened  ;  S  and  V 
remained  meanwhile  closed. 

The  temperature  of  the  calorimeter  was  noticed  as  the  ap- 
paratus was  placed  in  position.  The  telescope,  through  which 
the  temperature  of  the  calorimeter  was  read  off,  was  so  placed 
that  one  could  look  through  it  and  at  the  same  time  open  the 
stopcocks  Y  and  S  with  the  hand. 

The  position  of  the  thermometer  in  the  calorimeter  was  read 
off  from  minute  to  minute.  Five  or  ten  minutes  after  the 
beginning  of  the  experiment  Y  and  S  were  opened  at  the 
same  moment  (marked  by  means  of  a  second  stop-watch),  and 
the  gas  was  allowed  to  flow  through  the  heating -vessel  and 
calorimeter.  By  carefully  regulating  the  stopcock  S  the 
manometers  h  and  e  could  be  readily  maintained  constant ; 
the  gas  in  Q  was  therefore  maintained  at  the  same  pressure 
throughout  the  experiment,  and  consequently  flowed  through 
the  calorimeter  at  a  constant  rate.  The  temperature  of  the 
calorimeter  was  determined  each  minute  as  the  gas  passed 
through  it.  So  soon  as  the  rise  of  temperature  had  attained 
to  a  certain  amount  (between  5^  and  12^),  the  flows  of  gas 
and  of  water  into  B  were  simultaneously  checked  by  suddenly 
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closing  V  and  S,  and  the  watch  wa;-  read  oft'.  Then  the  tem- 
peratures were  noted  fur  five  to  ton  minutes — at  tirst  each 
second,  aftcnvards  from  minute  to  minute.  A  ref^ulnr  increase 
of  temperature  occurred  oenerally  at  tlie  tenth  and  twentieth 
seconds  after  closing  the  stopcocks;  so  short  was  the  time 
required  for  the  temperature  of  the  silver  gauze  to  hecome 
equalized  with  that  of  the  water  of  the  calorimeter.  The 
time  was  longer  the  higher  i\w  temperature  of  the  entering 
gas,  inasmuch  as  the  gauze  situated  neare^t  to  the  entrance- 
aperture  underwent  a  greater  vUq  in  tem])erature.  Imme- 
diately before  and  after  the  ex{»eriment  the  temperature  of  the 
heating-vessel  was  determined,  the  mean  of  the  two  readings 
being  taken  as  the  temperature  during  the  experiment. 

AVater  maintained  at  the  temijerature  of  the  air  of  the  room 
flowed  continuously  through  the  double-walled  vessel  ;^.  The 
temperature  of  this  water  was  determined  before  it  entered 
and  when  it  flowed  from  ;^.  Xotwithstanding  the  wooden 
screen,  a  slight  increase  in  the  temperature  of  the  water  was 
observed  ;  the  mean  of  the  two  readings  was  adopted. 

A.  B,  and  C  being  again  disconnected,  B  was  reweighed  ; 
it  had  increased  by  the  amount  of  water  which  had  entered  it. 

Inasmuch  as  temperature  and  pressure  remained  constant 
in  B  and  C  during  the  experiment,  the  volume  of  water  (cal- 
culated from  the  weight)  which  had  entered  B  expressed  the 
volume  of  gas  which  had  flowed  from  Q.  It  did  not  signify 
whether  difi'usion  had  occurred  through  the  caoutchouc  balloon 
or  not ;  if  this  did  occur,  it  could  only  somewhat  decrease  the 
purity  of  the  gas.  It  was  ilirectly  shown  by  experiment 
(using  carbonic  acid  and  ammonia)  that  the  gas  in  Q  became 
mixed  with  but  traces  of  air.  Although  the  water  did  not 
possess  the  temperature  of  4°  C,  the  error  arising  from  this 
appeared  so  small  as  not  to  necessitate  the  use  of  a  correction. 
.  In  order  to  calculate  the  weight  of  the  issuing  gas,  it  was 
necessary  that  its  temperature  and  pressure  should  be  known. 
The  former  was  obtained,  as  has  been  already  described,  by 
reading  off  the  thermometer  F,  The  latter  was  composed  of 
two  parts — of  the  atmospheric  pressure,  and  of  the  pressure 
indicated  by  h.  If  the  barometer-reading  reduced  to  0°  be 
represented  by  B,  the  reading  of  the  manometer  k  reduced  to 
mercury  be  p,  the  temperature  of  the  gas  be  .r,  and  the  ob- 
served volume  of  the  gas  be  r,  then  the  calculated  volume  at 
0°  and  760  millims.  pressure  is 

''•^     '76<)' 273-2 +  ./"■ 
If  a  represent  the  'specific  gravity  of  the  g:(>  referred  to  air, 
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then,  as  the  specific  gravity  of  air  at  0°  and  760  millims.  re- 
ferred to  water  is  -.l^,,  .-,,  the  weight  of  vokime  r  of  the  gas 

is 

^'oO-.!l_;^  +  B     273-3.  o-         V 


G  =  ; 


■773-3       760     (273-3 +0:)    773-3 

Lastly,  if  W  represents  the  weight  in  kilos  of  water  which 
entered  the  balloon  during  the  experiment,  and  if  the  litre  bo 
taken  as  unit  of  volume,  then 

y  +  B      273-3  .  a        W 
^~  760  *  (273-3 +  .<•)' 773-3' 

In  order  to  calculate  the  specific  heat,  we  require  also  the 
weight  of  liquid  in  the  calorimeter,  as  also  the  water- value  of 
the  calorimeter.  The  weight  of  liquid  was  determined  by 
direct  weighing  before  every  experiment  ;  it  varied  from  59 
to  61  grms.  The  water-value  of  the  calorimeter  was  calcu- 
lated. The  specific  heat  of  the  silver  used  for  making  the 
vessel  was  0-0607  ;  its  weight  amounted  to  80-122  grms.  ;  the 
water-value  was  therefore  5*07.  The  water-value  of  that  part 
of  the  thermometer  which  was  situated  in  the  calorimeter,  and 
which  was  measured,  amounted  to  0-3944.  The  total  water- 
value  of  the  calorimeter  was  therefore  5-4644.  A  small  error 
in  the  estimation  of  the  water-value  of  the  thermometer  would 
not  greatly  influence  the  final  result,  because  of  the  smallness 
of  the  total  figure. 

The  rise  of  temperature  observed  by  means  of  the  thermome- 
ter in  the  calorimeter  must  not  be  attributed  solely  to  the  heat 
given  up  by  the  gas,  and  cannot  be  directly  used  for  calcula- 
ting the  specific  heat  of  the  gas  ;  but  a  correction  must  be 
applied,  partly  because  of  heat  conducted  through  the  German- 
silver  tube  from  the  heating-vessel,  and  partly  because  of  heat 
radiated  to  or  from  the  calorimeter. 

By  passing  air  at  the  same  velocity  as  was  done  with  the 
various  gases  through  the  calorimeter  (surrounded  with  water 
at  the  temperature  of  the  air),  it  was  proved  that  no  appre- 
ciable amount  of  heat  is  generated  by  friction  of  the  particles 
of  gas  against  the  silver  gauze  in  the  calorimeter. 

We  assume  that  the  amount  of  heat  gained  by  the  calori- 
meter by  conduction  is  constant  for  each  unit  of  time  during 
the  whole  experiment*;  and  we  designate  the  rise  of  tem- 
perature per  minute  caused  by  this  heating  of  the  calorimeter 
by  ^. 

*  R^guault,  Relation  des  expdn'e/ices  pour  determiner  les  his  et  les  don- 
ttics  phj/siques  iieeessaires  an  calcul  dcs  Mnchincs-d-feu,  p.  79  et  seq. 
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In  order  to  estimate  the  beat  radiated  to  and  from  the 
calorimeter,  as  also  that  carried  away  by  currents  of  air,  we 
make  the  assumption  (justified  by  the  small ness  of  the  dif- 
ferences of  temperature)  that  this  is  proportional  to  the  dift'er- 
ence  of  temperature  between  the  calorimeter  and  its  surround- 
ings. We  shall  designate  the  rise  of  temperature  per  minute 
brought  about  by  radiation  &c.,  for  a  temperature-difference 
of  1°  between  calorimeter  and  surroundings,  by  a.  The 
measurements  taken  before  and  after  the  gas  was  allowed  to 
flow  through  the  apparatus  serve  as  data  for  calculating  the 
values  of  a  and  k. 

Let  T  represent  the  mean  temperature  of  the  calorimeter 
during  the  initial  period,  Tx  the  mean  temperature  during  the 
final  period  ;  let  t  represent  the  temperature  of  the  surround- 
ings ;  m  and  m^  the  increase  of  temperature  of  the  calorimeter 
per  minute  during  these  periods  ;  then 

—  (T  —  T)a.  +  k  =  771, 

—  (Tj  —  t)«  +  /.•  =  m  1  ; 


hence  we  deduce 
and 


m  —  till 
a  — 


'i\-T 


Tx-T 

It  may  readily  be  shov.'n  that  it  is  not  really  necessary  to 
know  the  temperature  of  the  surroundings  (that  is,  the  value 
of  t),  inasmuch  as  it  remains  constant  throughout  the  experi- 
ment. 

For  this  purpose  let  us  suppose  that  the  rise  of  temperature 
is  uniform  so  long  as  gas  passes  through  the  calorimeter  (and 
with  a  constant  flow  of  gas  this  is  almost  exactly  true),  and  let 
us  calculate,  on  this  supposition,  the  mean  correction  Avhich  it 
is  necessary  to  apply  to  the  observed  temperature  for  each 
minute  of  time. 

Let  the  temperature  of  the  calorimeter  at  the  moment  when 
the  gas  begins  to  pass  through  be  represented  by  ti,  and  at  the 
moment  of  closing  the  stopcock  by  t.^.  Then  the  mean  tem- 
perature during  the  experiment  is 

h  +  h 

'  2 
The  correction  is  then 
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and  by  substituting  the  values  of  «  and  k  we  get 

T,-rt     2        ^/+'"+ T^Z:T ^' 

m  —  tn-i  in  —  niit-^^-^-t^      T(»i  —  m^)         m  —  vii p 

an  equation  in  which  the  two  terms  containing  t  cancel  one 
another.  The  correction  is  therefore  independent  of  the  tem- 
perature of  the  surroundings,  r. 

The  correction  necessitated  by  the  fact  that  the  whole  of  the 
mercury  of  the  thermometer  was  not  surrounded  by  liquid 
must,  of  course,  be  applied  to  the  temperatures  t  and  ti. 

The  temperature  indicated  by  the  thermometer  ten  seconds 
after  closing  the  stopcocks  was  taken  to  be  fi  :  a  part  at  least 
of  the  increase  of  temperature  noticed  during  this  short  period 
must  be  traced  to  the  fact  that  the  thermometer  and  its  sur- 
roundings, as  also  the  silver  gauze,  did  not  possess  the  same 
temperature  as  the  liquid  of  the  calorimeter.  Nevertheless  the 
result  is  unaffected,  whether  we  choose  for  t^  this  temperature 
or  that  indicated  at  the  moment  of  closing  the  stopcocks. 

We  must  now  estimate  the  cooling  of  the  gases.  If  M  re- 
present the  constant  (mean)  temperature  of  the  heating-vessel 
during  the  experiment,  then  the  cooling  is  represented  by 

But  if  W  be  the  weight  of  water  in  the  calorimeter  added  to 
the  water-value  of  the  same,  G  the  weight  of  the  gas,  0x  the 
corrected  temperature-increase  of  the  calorimeter,  and  C  the 
specific  heat  of  the  gas  under  examination,  then 

W.^,  =  cG0, 
also 

_WA 
''~  G0' 

By  multiplying  the  specific  heats  by  the  densities  of  the  gases, 
referred  to  air,  we  obtain  the  specific  heats  of  equal  volumes 
of  the  different  gases,  if  that  of  air  be  taken,  for  unit  volume, 
as  equal  to  0*2389  ;  that  is,  we  obtain  so-called  relative  heats. 
In  order  to  determine  the  influence  of  temperature  upon  the 
specific  heats  of  the  different  gases,  they  were  heated  once  to 
100°  and  another  time  to  200°,  and  the  mean  specific  heat 
estimated  between  this  temperature  t  and  the  temperature  t 
(20-25°)  of  the  liquid  in  the  calorimeter.  If  we  represent  by 
Q  the  amount  of  heat  which  must  be  given  up  to  the  gas  in 
order  to  raise  its  temperature  from  t°  to  f°,  Q  mav  be  repre- 
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sented  as  a  function  of  the  temperature  bv  the  equation 

Q  =  a(/-T)  +  />(/-Tf, 
where  a  and  A  are  constants. 

If,  however,  rj  is  the  nu-an  specific  lieat  between  T°and  100°, 
Oj  that  between  t°  and  200°,  then  <=100  in  one  case,  and  in 
the  other  =200,  and  tlien  (^)  is  equal  to  the  mean  specific  heat 
c  multiphed  by  the  temj>erature-increase  ;  so  we  have 

Q=K^-t), 

Cl  =  (100-T)  =  a(100-T)^-A(100-T)^ 
r2  =  (200-T)  =  a(200-T)+^;(200-T)^ 
or 

ri  =  a  +  6(100-T), 
r2  =  a  +  A(200-T), 

equations  from  which  a  and  b  may  be  immediately  deduced. 
But  the  specific  heat  is  the  change  in  the  quantity  of  heat  con- 
tained in  unit  weight  of  the  body  for  unit  of  temperature,  /.  e. 

dQ 
dt' 
For  the  true  specific  heat  at  temperature  t  it  follows  that 

C  =  a  +  26(^-T); 
from  which  we  can  directly  deduce  the  relative  lieats. 


In  the  following  Tables  the  observed  and  calculated  results 
of  the  determinations  of  specific  heats  of  various  gases  made  in 
accordance  with  the  methods  described  above  are  recorded.  In 
those  Tables, — 

W  represents  the  weight  of  water  in  the  calorimeter  ; 

G  the  weight,  in  kilogrammes,  ofwater  entering  the  balloon, 

and  the  volume,  in  litres,  of  the  gas  flowing  from  the 

balloon  ; 
B  the  barometric  pressure  ; 
p  the  pressure  read  off  on  the  manometer  /• ; 
y^  the  temperature  of  the  gas  in  the  caoutchouc  balloon  ; 
n  the  duration  of  the  experiment,  in  minutes  ; 
a  the  volume  of  gas  passing  from  the  balloon  per  minute ; 
T  the  temperature  of  the  surroundings  ; 
T  the  mean  temperature  of  the  calorimeter  during  the  initial 

period  ; 
VI  the  rise  of  temperature  of  the  calorimeter  in  each  minute 

of  the  initial  period  ; 
Tj  the  mean  temperature  of  the  calorimeter  during  the  final 

period  ; 
;/?i  the  rise  of  temperature  of  the  calorimeter  in  each  minute 

of  the  final  period  : 
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k  and  «  the  constants  discussed  on  p.  90  ; 

0  the  observed  temperature-increase  of  the  calorimeter  ; 

6i  the  corrected  temperature-increase  of  the  calorimeter  ; 

t  the  mean  temperature  of  the  calorimeter  ; 

M  the  temperature  of  the  heating-vessel ; 

(i)  the  temperature-decrease  of  the  gas  ; 

c  the  specific  heat  of  the  gas. 

Air. 
The  air  coming  from   a   gasometer  was  dried   by  passing 
through  sulphuric  acid  in  a  Wouife's  bottle,  and  through  a  cy- 
linder containing  beads  soaked  in  sulphuric  acid. 
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The  mean  value  is  0*2389,  the  greatest  deviation  from  this 
being  0-0025. 

Experiments  Nos,  9  and  10  were  carried  out  four  weeks 
after  Nos.  1  to  8,  and  Nos  11  and  12  some  time  after  9  and  10  ; 
during  the  earlier  experiments  the  heating-vessel  contained 
boiling  water  ;  during  the  two  latter  experiments  it  contained 
melted  parafhn. 

The  numbers  agree  among  themselves  to  as  great  an  extent 
as  do  those  obtained  by  Regnault :  thus  he  obtained  numbers 
varying  from  0'2353(>  to  0*23890  ;  my  numbers  vary  from 
0-2374  to  0-2414.  The  mean  number  0-2389  obtained  by  me 
differs  by  less  than  1  per  cent,  from  that  obtained  by  Regnault, 
viz.  0-237.51. 

The  method  adoj)ted  for  graduating  the  thermometer  for 
150"  and  200°  may  fitly  be  described  in  connexion  with  the 
specific  heat  of  air. 

In  order  to  determine  the  temperatures  which  corresponded, 
in  an  air-thermometer,  to  the  150th  and  200th  degree  of  the 
thermometer  used  in  the  heating-vessel,  the  parafHn-bath  was 
heated  steady  until  the  mercury  column  reached  and  remained 
steadfast  at  the  given  degree.  The  process,  as  if  for  determi- 
ning the  specific  heat  of  air,  Avas  then  proceeded  with ;  and  the 
lowering  of  temperature  of  the  air  of  the  calorimeter  was  cal- 
culated from  the  known  specific  heat  of  air  (which,  as  shown 
by  Regnault,  is  independent  of  temperature)  and  from  the 
other  data  of  the  experiment. 

By  adding  this  lowering  of  temperature  to  the  mean  tempe- 
rature of  the  liquid  in  the  calorimeter  during  the  experiment, 
which  corresponds  with  the  final  temperature  of  the  air  after 
cooling,  the  initial  temperature  of  the  air  was  obtained,  and 
therewith  also  the  temperature  measured  by  an  air-thermo- 
meter which  corresponded  with  the  position  of  the  thermometer. 
The  differences  of  the  calculated  deviations  of  our  thermome- 
ters from  an  air-thermometer  are  of  the  same  order  as  those 
occurring  in  the  estimation  of  specific  heat  itself. 

Ilijdrogen. 

The  hydrogen  was  prepared  from  zinc  and  dilute  sulphuric 
acid  in  a  Kipp's  machine,  purified  by  passing  through  caustic 
potash,  and  dried  by  means  of  sulphuric  acid.  The  following 
Table  expresses  the  mean  specific  heats  obtained  for  hydrogen 
between  100°  and  20°. 
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1. 

2. 

3. 

4. 

5. 

6. 

IW 

60-43 

60-15 

60-73 

6010 

599 

6018 

G  

19-10 

16-70 

17-95 

17-68 

lS-42 

17-77 

B  

75109 

75109 

75522 

75510 

759-8 

759-8 

p    

2670 

26-52 

1918 

25-10 

26-38 

204 

X  

17-80 

18-20 

18-20 

18-90 

17-80 

18-6 

n    

H 

n 

3^ 

2| 

Sh 

4 

T      

17-4 

17-80 

1800 

18-7 

17-1 

18  2 

a     

5-77 

6-70 

513 

643 

526 

4-44     1 

T  

16-80 

18-00 

IS-J-S 

18  22 

17-5 

16-60    I 

m  

0-10 

010 

0083 

0-104 

0  057 

0-08     i 

T, 

240» 

24-54 

25-14 

24-89 

24-60 

24-(H      1 

m. 

(JU4 

005 

002 

0-U22 

-0018 

-  0-U04 

Ji-    

0-()95 

01084 

0UD2 

00982 

0-066 

oo(;i7 

«    

0-11083 

000764 

00097 

0-0123 

00197 

0-0114 

0    

6-80 

6-005 

6-20 

63 

a? 

652 

(f,  

6-62 

5-82 

602 

6  134  1 

6-632 

6-38 

t     

2040 

2130 

22-30 

21-63 

21-05 

20-14 

M 

99-ro 

99-70 

99-80 

99-80 

100 

100 

G   

79-30 

78-40 

77-50 

78  17 

78-95 

79-86 

c    

3-336 

3-384 

3333 

3-371 

3413 

3-406 

The  mean  number  deduced  from  experiments  5  and  6  is 
3'-110,  the  greatest  deviation  therefrom  being  0*004r.  The 
fact  that  the  first  four  numbers  are  larger  than  the  last  two  is 
explained  by  Regnault's  observation  that  the  constant  k  acquires 
a  larger  value  when  the  whole  apparatus  is  filled  with  hydrogen 
(as  was  the  case  in  the  first  four  experiments)  than  when  it  is 
filled  with  air.  When  the  very  mobile  hydrogen  is  allowed  to 
remain  at  rest  before  and  after  the  experiments,  currents  are 
engendered  which  carrv  over  heat  from  the  heating-vessel  to 
the  calorimeter,  without  taking  into  account  the  heat  conducted 
from  the  German-silver  tube.  But  in  making  the  correction, 
the  heat  conducted  over  is  alone  taken  into  account,  when  the 
apparatus  is  filled  with  a  stream  of  gas,  as  the  secondary  cur- 
rents are  then  entirely  neutralized.  But  too  great  a  value  for 
k  causes  the  negative  correction  for  the  observed  temperature- 
increase  to  be  also  too  large,  and  therefore  the  temperature- 
increase  itself  to  be  too  small.  The  smallness  of  the  number 
obtained  for  the  specific  heat  is  thus  accounted  for. 

In  the  last  two  experiments  the  apparatus  was  filled  with  air 
before  and  after  each  experiment ;  k  has  in  these  cases  the 
smaller  and  more  correct  value,  and  the  number  3*410  then 
obtained  for  the  specific  heat  of  hydrogen  agrees  well  with 
Regnault's  number  o'-i09,  especially  when  it  is  remembered 
that  his  numbers  varv  from  3*401  to  3"419. 

By  multiplying  0-9692  by  3-410  the  number  0-2358  is  ob- 
tained as  representing  the  specific  heat  referred  to  volume. 

It  did  not  appear  to  be  of  interest  to  determine  the  specific 
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heat  of  hydrogen  at  varying  temperatures,  inasmuch  as  R<ig- 
nanlt  has  .shown  that  in  the  case  of  this  gas  the  specific  heat  is 
inde})en(ient  of  the  temperature.  Neither  did  an  examination 
of  oxygen  or  of  nitrogen  appear  to  be  necessary.  Kegnault 
has  shown  that  the  specific  heat  of  the  first,  referred  to  volume, 
is  the  same  as  tliat  of  air  ;  the  same  must  thereiore  hold  good 
for  nitrogen.  Inasmuch  also  as  air  exhibits  no  change  of  spe- 
cific heat  with  change  of  temperature,  we  must  believe  that 
neither  is  there  any  change  in  the  case  of  its  constituents. 

Carbonic  Acid. 

The  carbonic  acid  was  generated  in  a  Kipp's  apparatus  from 
marble  and  dilute  hydrochloric  acid.  It  was  purified  from 
♦  races  of  hydrochloric  acid  bypassing  through  a  solution  of 
sodium  bicarbonate,  and  was  then  dried  by  means  of  sulphuric 
acid.  The  carbonic  acid  employed  never  contained  more  than 
from  ^  to  1  per  cent,  of  air  when  examined  after  coming  from 
the  balloon. 

The  following  Table  contains  the  results  of  the  experiments. 


Table  I. — Experiments  between 

100°  and  20° 

to  25°. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

w... 

59-84 

5915 

60-63 

60-63 

60-70 

60-85 

59-82 

59-74 

60-04 

G... 

1513 

15  12 

17  51 

14-17 

1372 

16-12 

16-83 

16-10 

17  27 

B.. 

755-90 

755  43 

755  60 

755-7 

755-72 

746-9 

746-9 

745  3 

745-36 

■p  ... 

17-70 

16-60 

17-2 

17  4 

18-3 

205 

212 

222 

20-5 

X  ■•■ 

8610 

66-50 

75-48 

82-82 

5683 

77-5 

78-74 

61-61 

69-36 

n  . . . 

^ 

4 

H 

U 

4 

4 

4 

H 

^ 

a  ... 

336 

3-78 

4-04 

422 

343 

403 

416 

3-58 

3-84 

T    ... 

18-00 

1670 

170 

17  4 

17-8 

20-45 

4-20 

21-9 

228 

T... 

1710 

171 

16-62 

16  3 

17-3 

20-52 

18-42 

17-51 

21-7 

7n  ... 

0075 

0-07 

0-079 

0-075 

0073 

0  043 

0075 

0  011 

0-067 

Ti... 

25  24 

25  06 

25-80 

24-25 

24-46 

27-95 

26-93 

26 

29-62 

m^... 

-0-023 

-0  03 

-004 

-0-024 

-0013 

-0-06 

-0  023 

0-00 

-004 

k  ... 

0-0642 

0076 

0-085 

00616 

0-0669 

0-044 

00429 

00563 

0-0521 1 

m   ... 

00121 

00127 

0-014 

00125 

0-0120 

0-0139 

0-0115 

0-013 

00135 

G  ... 

792 

7-82 

9-0 

7-72 

697 

749 

8-35 

810 

7-84 

0,... 

7-81 

7-74 

8-89 

7-64 

6-86 

7-53 

8-35 

7-86 

7-79 

t   ... 

21-36 

2122 

21-40 

20-46 

2100 

2437 

2282 

21-95 

25-8 

M... 

99-80 

9980 

99-80 

99-80 

99-80 

9860 

100-25 

101-25 

97-5 

e... 

78-44 

78-58 

78-40 

79-34 

78-80 

7423 

77-43 

79-3 

71-7 

c    ... 

0-2084 

0-2081 

0-2101 

0-2095 

0  2113 

0-2086 

0-2091 

0-2061 

0-2082 

The  mean  value  is  0*2088  ;  the  greatest  deviation  from  this 
is  0*0027.  Experiments  1-5  were  carried  out  about  a  mouth 
before  experiments  0-9.  In  the  first  experiments  the  heating- 
vessel  was  filled  with  boiling  water,  in  the  latter  with  melted 
paraffin. 
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1. 

^-    1 

3. 

.        1 
^-       1 

5. 

w 

60-45 

60-65 

60-37 

60-35 

60-8 

G 

16-40 

12-43     1 

12-54 

12-58 

13-5 

B  

747-6 

747-1 

747-1 

745-2 

745-2 

p  

67-73 

64-87 

65-7 

53-0 

57-5 

X  

19-6 

20-4 

209 

19-4      i 

20-6 

n  

^ 

H 

H 

H 

4 

a   

364 

3-55 

3-58 

3-025 

3-38 

r   

196 

20-6 

21-5 

19  3       1 

20-35 

T  

19-55 

20-85 

21-82 

19-36     ! 

19-35 

m  

0-114 

0-11 

0-116 

0-103  i 

0-1 

Ti 

33  20 

31-55 

3205 

29-9 

2994 

«h 

-0-046 

-0-0125 

-0035 

-0  02     ! 

-0-017 

/fc  

0114 

01113; 

0121 

0-1036 

0089 

»   

0-0117 

00114 

0-0148 

0-0116 

0-0109 

9   

13-43 

10-42 

10-08 

1028     ; 

10-4 

01 

13-3 

1026 

9-94 

10-12     i 

10-24 

t    

267 

264 

27-10 

24-86     1 

24-8 

M 

151-5 

1551 

150-7 

151-7      \ 

1460 

e  

124-8 

1287      1 

123-6 

126-8 

12115 

c     

0-2160 

0-2170 

1 

0-2143 

0-2147 

02138; 

1 

The  mean  value  is  0'2152,  and  the  greatest  de%-iation  there- 
from 0-0019. 

Table  III. — ^Experunents  between  200°  and  25°. 


1. 


2. 


4. 


w 

G 
B 

P 
X 
n 
a 

T 

T 
in 
Tx 

k 
a, 

e 

01 
t 

M 

e 


60-4 

8-36 
745-2 
461 
21-8 

3 

2-786 
22 
21  72 

0-14 
31-99 

0038 

0137 

0-01 

9-74 

9-485 
27 
202-1 
1751 

0-2230 


6052 
911 
744-63 
47-3 

22-8 

3^ 

2-88 
23-25 
21-67 

0-145 
32-55 

0039 

0-129 

0097 
10-24 

9-9 

27-2 

200-45 

173-25 

0-2182 


60-7 
1001 
744-65 
61-2 
23-4 

H 

3-16 
23-7 
18-6 

0-20 
3116 

0-06 

01435 

00112 

11-72 

1131 

25-05 

201-1 

176  05 

0-2193 


60-3 

8-4 

744-65 

65-3 

231 

2i 

3-36 
23-8 
21-8 

020 
32-45 

005 

0172 

0-0141 

9-84 

9-53 
27-3 
202-8 
175-5 

02181 


60-7 
10-05 
749-0 
62-83 
2000 

3 

3-35 
20-2 
19-1 

0-170 
31-30 

004 

0-158 

0-0107 

11-53 

11  22 

25-35 

196  35 

171 

0-2188 


6. 


59-75 
1012 
74900 
61-20 
20-1 

H 

3-20 
20-7 
19-76 

0151 
31-93 

0007 

0133 

00118 

11-70 

11-48 

26-04 

196-25 

170-20 

0-2207 


The  number  0*2197  represents  the  mean  vahie,  and  0"0033 
the  greatest  deviation  from  the  mean. 
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My  numbers  agree  among  themselves  as  well  as  those  ob- 
tained bv  Rognanlt ;  for  instance,  ho  obtained  values  for 
the  spocitic  hout  between  210°  and  10°  varying  from  0*2141G 
to  ()'21814  &c.  It  appears,  alike  from  llegnault's  and  from 
my  experiments,  that  there  is  a  great  change^  in  the  specific 
heat  of  the  gas  under  examination  with  change  of  temperature. 

The  true  specific  heats  calculated  from  the  foregoing  num- 
bers for  certain  temperatures  are  as  follows  : — 

For      0 0-1952 

100 0-2169 

200 0-2387 

R^gnault's  numbers  are  : — 

For      6 0-1870 

100 0-2145 

200 0-2397 

Taking  the  specific  gravity  of  carbonic  acid  as  1-529,  the 
following  numbers  express  the  relative  heats  : — 

For      6 0-2985 

100 0-3310 

200 0-3G50 

Carhmiic  Oxide. 

The  gas  was  prepared  by  Fowne's  method,  viz.  heating 
one  part  of  yellow  prussiate  of  potash  with  eight  parts  of  con- 
centrated sulphuric  acid.  The  gas  was  led  through  caustic 
potash  and  then  through  sulphuric  acid  :  it  was  entirely  ab- 
sorbed by  a  solution  of  cuprous  chloride  in  hydrochloric  acid  ; 
it  contained  no  carbonic  acid.  Oxalic  acid  was  not  used  for 
the  preparation  of  the  gas,  inasmuch  as  the  carbonic  acid 
simultaneously  produced  can  only  be  separated  with  great  dif- 
ficulty. 

The  numbers  given  in  the  two  following  Tables  yield  almost 
exactly  the  same  values  for  the  specific  heat ;  so  that  we  may 
conclude  that  the  specific  heat  of  carbonic  oxide  is  independent 
of  the  temperature.  Kegnault's  number  between  200°  and 
20°,  viz.  0-2450,  does  not  differ  materially  from  mine. 

The  relative  heat  of  carbonic  oxide  is  0-234(3  (the  specific 
gravity  being  taken  asO"967).  which  is  nearly  the  same  as  that 
of  air  -0-2389. 
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Table  I. — Experiments  between  100°  and  25^ 


1. 

2.              3. 

4- 

5. 

w 

6036 

6085 

6103 

60-65 

6013 

G 

18  38 

16  45 

18-31 

18-81 

18-47 

B  

745-6 

745-6 

750-5 

750-3 

753-3 

p   

75-5 

737 

77-9 

771 

80-8 

X  

22-8 

231 

19-9 

20-4 

202 

n   

4* 

4               4^ 

4^ 

4* 

a    

4-084 

4  11          407 

4-18 

4105 

T     

226 

23              20-05 

20-3 

19-95 

T  

21  05 

18-55         18-07 

18-05 

20-48 

771    

00625 

0-1104      0079 

0083 

0-073 

T, 

27-65 

24-93 

2509 

25-19 

27-68 

iJii 

-0017 

0027 

-U004 

00033 

-0013 

k  

00442 

0050 

0-0557 

0057 

0079 

«  

00120 

0-0119 

0-0117 

0-0112 

00103 

e  

6  40 

5-98 

673 

6-88 

7-00 

e, 

63 

572 

657 

6-69 

6-84 

t  

24-5 

218 

21  71 

21-74 

24-20 

M 

98 

97-6 

98-6 

98 

103 

e  

73-5 

75-8 

76-9 

76-26 

78-8       1 

i^  

0-2450 

0-2420 

0-2432 

0-2425 

1 

0-2399 

1 

Mean  value  =0"2425  :  greatest  deviation  =0*0026. 


Table  II. — Experiments  between  200°  and  25*^ 


1. 

2. 

3. 

4. 

5. 

w 

60-95 

59-8 

60 

59-9 

60-65 

G 

11-27 

11-70 

1271 

11-5 

12-61 

B  

750-15 

750-15 

75015 

7533 

753-3 

P  

44-9 

58-34 

57-52 

45  3 

652 

X  

216 

214 

216 

204 

20-4 

u    

4 

3* 

4 

H 

4 

a   

2-82 

3-34 

3-18 

2-55 

3  15 

r    

222 

217 

21-55 

20-65 

20 

T  

22-6 

17-63 

21-54 

2115 

21 

m  

0-2 

0-234 

0184 

018 

0-17 

T, 

32-9 

28-45 

32-9 

3135 

32-23 

nil 

0-07 

005 

0-04 

00571 

0-033 

k   

0-205 

0  166 

0  184 

0-182 

0-182  ! 

«    

0-0126 

0017 

0-0127 

00121 

00122; 

9    

9-92 

9-fi3 

10-48 

9-33 

10-43 

01 

8-70 

9-15 

10  08 

8-83 

10-03 

t    

28 

23-38 

27-43 

26-44 

26-8 

M 

202-75 

194-75 

199-1 

194-9 

198-45 

e  

174-75 

171-38 

171-67 

168-46 

171-65 

0-2407 

0-2407 

0-2442 

0-2444 

0-2431 

Mean  value  =0-2426  ;  greatest  deviation  =0-0019. 
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Ethjlene. 

The  ethylene  was  produced  by  Mitscherlich's  method,  viz. 
by  leading  alcohol  vapour  into  tolerably  concentrated  sulphuric 
acid  heated  to  100°  or  170°.  Tlie  gas  was  cooled  to  condense 
ether,  which  is  always  produced  along  with  the  ethylene,  and 
then  passed  through  caustic  potash  and  through  concentrated 
sulphuric  acid  into  a  gasometer.  The  last  traces  of  ether  were 
given  up  to  the  water  in  the  gasometer ;  and  the  gas,  after 
being  dried  by  means  of  sulphuric  acid,  could  be  passed  into 
the  caoutchouc  balloon. 

Inasmuch  as  by-products  arc  always  formed  in  the  produc- 
tion of  ethylene,  so  great  an  agreement  among  the  results  of 
experiments  cannot  be  exjjected  in  the  case  of  this  as  of  the 
other  gases. 


Table  I. — Experiments  between 

100°  and  25°. 

1. 

2. 

3. 

4. 

5. 

6.            7.       1       8. 

w... 

60-4 

60-51 

60-9 

60-88 

60-7 

60-88       60-73       60-29 

G... 

14-95 

15-68 

15-4 

16-1 

15-25 

1613        17-72     1  15-11 

B  ... 

7487 

748-4 

748-4 

748-4 

750-84 

750-84 

750-84 

748-3 

p  ... 

80-37 

81-20 

82-42 

7426 

78-33 

78-33 

79-15 

80-8 

X  ••■ 

20-8 

21-8 

21-8 

21-6 

21-8 

22-2 

23-1 

22-9 

n  ... 

3 

3 

3 

3i 

3 

H 

3h 

3 

a   ... 

500 

5-22 

51 

4-92 

5-08 

5-34 

5-06 

503 

r    ... 

21-20 

21-9 

22 

21-7 

21-9 

22-2 

22-75 

25 

T  ... 

21  12 

20-23 

19-23 

20-25 

18  55 

1811 

20-05 

19-84 

m  ... 

0071 

0-073 

0-094 

0-088 

0-1 

0-137 

0068 

0-115 

Tx... 

29-54 

29  14 

28-37 

29-4 

2715 

27-8 

30-06 

2919 

Wj... 

-0-056 

-0-047 

-002 

-0-057 

-0-017 

-0-033 

-0-06 

-0-036 

k  ... 

0-070 

0-050 

0-059 

0064 

0-0554 

0046 

0-033 

0-0632 

»  .. 

0015 

0-0134 

00124 

0-0158 

0-0136 

00141 

0-0128 

0-016 

9   ... 

8-26 

8-74 

8-98 

91 

8-3 

937 

9-98 

9 

0,  ... 

8-25 

8-71 

8-88 

907 

8-18 

9-27 

9-98 

8-9 

t    ... 

25-57 

24-93 

23-96 

25-15 

23 

23-21 

25-30 

2475 

M... 

100-65 

100 

101 

102 

97 

100-5 

100 

102-1 

e  ... 

751 

7507 

771 

76-85 

74 

77-29 

74-7 

77-35 

0-3803 

0-3852|     03912 

0-3867 

0-3783 

0-3896 

0-3950     0-3973 

Mean  value  =0-3880  ;  greatest  deviation  =0-0003. 
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Table  II. -Experiments  between  200°  and  27°. 


1. 

2. 

3. 

4. 

5. 

6. 

w 

60-81 

59-85 

60-65 

60-43 

6075 

60-9 

G 

7-93 

7-55 

7-24 

5-98 

806 

7-22 

B  

752-88 

752-88 

752-88 

752-88 

748-3 

748-3 

?   

57-52 

46  92 

465 

45-7 

47-4 

48-1 

X  

20-4 

20-8 

21-2 

216 

21-8 

22-4 

71     

2^ 

n 

2 

H 

2^ 

2 

a    

3-40 

3  3 

3-f?2 

3-42 

372 

3-61 

T     

20-75 

20-55 

21-35 

21-85 

22 

22-6 

T  

20-86 

19-7 

2105 

2315 

2125 

21-36 

m  

0184 

017 

0-164 

017 

014 

0133 

Tj 

32-60 

30-67 

3210 

32-77 

32-53 

31-96 

m, 

0-014 

0028 

00166 

0-006 

-0-005 

-0  0025 

k  

0172 

0-159 

0-158 

0-192 

0-130 

0-118 

a    

00134 

0-013 

0-0133 

0-017 

0-0129 

0-0128 

0    

10-83 

10-22 

10-3 

8-75 

10-74 

10-1 

01  

10-65 

1002 

1013 

8-61 

10-59 

9-98 

t     

2708 

25-4 

26-85 

28-35 

27-15 

26-86 

M 

197-5 

200-2 

20325 

204-75 

195  4 

200 

0  

170-4 

174-8 

176  4 

176-4 

168-25 

17314 

c    

1 

0-4195 

0-4267 

0-4286 

0-4401 

0-4251 

0-4361 

The  mean  value  is  0*4293  ;  tlie  greatest  dev-iation  therefrom 
0-0108. 

The  order  of  experiments  was  1,  2,  3,  4,  \a,  2  a,  Sa,  5,  6, 
7,  4a,  5  a,  8,  6  a.  The  number  0-4293  does  not  differ  very 
much  from  that  obtained  by  Regnault,  viz.  0*404  (mean  of 
0*4147  and  0-3933).  Regnault  did  not  carry  out  experiments 
between  100°  and  20°. 

Ethylene,  like  carbonic  acid  and  nitrous  oxide,  shows  a  con- 
siderable change  in  specific  heat  for  changes  of  temperature. 
The  following  true  specific  heats  are  calculated  : — 

For      6 0*3364 

100 0*4189 

200 0-5015 

Multiplying  by  the  specific  gravity  of  ethylene  (0*9672)  we 
obtain  the  relative  heats  : — 

For  100 0*3254 

150 0*405 

200     ....     .     0*4851 

JVitroiis  O.vide. 
The  gas  was  prepared  by  long-continued  heating  of  ammo- 
nium nitrate  free  from  chloride  and  nitrite  ;  it  was  purified  by 
passage  through  caustic  potash  (to  absorb  ammonium  nitrate 
carried  over  and  nitric  acid)  and  through  sulphuric  acid  (to 
absorb  free  ammonia). 
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Table  I.— 

Experiments  between  100°  and  25°. 

1. 

2.     ! 

3.              4.       i        5. 

6. 

w 

59-9 

60-29     ! 

60-71 

60-85     1    60-53 

60-63 

G 

14-69 

14-42     j 

16-73 

1218     1    15-49 

14-93 

B  

7480 

748-0 

748 

753-1 

753-9 

752-75 

i>  

82-4 

81-2       ' 

67-0 

77-5 

78-3 

76-7 

X  

19-5 

200      ! 

20-2 

23             21-8 

23-4 

n   

3i 

34       ' 

44 

5 

4* 

4 

a   

4-2 

412 

3-72 

2-44 

3-72 

3-73 

T     

19-75 

20-2 

20-5 

23-1 

22  1 

23-1 

T  

19-7 

19-77 

20-22 

19-2 

22-4 

22-8 

m 

0-06 

0057 

0-075 

0-087         0057 

0-056 

Tj 

2719 

27-1 

28-35     1    25-87         3024 

30-21 

««, 

-0-072 

-0-045 

-0-071   1      0-01        -0042 

-0-066 

k  

0-059 

0-0502 

0070         0-043         0-0608 

0-052 

a    

0-0175 

00137 

0-0179      0-0113      0-0131 

0-0164 

9   

7-53 

7-38 

8-17 

6-32 

7-8       1      7-41 

01 

7-56 

7-39 

818 

6-08 

7-78 

7-44 

t    

23-67 

23-62 

24-5 

2266 

26-5 

26-7 

M 

103-5 

102 

101-8 

102          !  103S 

103-9 

e  

79-83 

73-38 

77-3 

79-34     1    77-3 

77-2 

c     

0-2096 

0-2138 

0-2129 

0-2099       0-2144       02149 

The  mean  value  is  0*2126  ;  greatest  deviation  O'OOSO. 
Experiments  4,  5^  and  6  were  carried  out  after  those  recorded 
Table  II. 


Table  II. — Experiments  between  200°  and  25^- 


1. 

2. 

3. 

4. 

1  w 

60-38 

901 

748-61 

58-34 

21-6 

2| 

3-28 
22-2 
19-67 

0-225 
31-46 

0072 

0-192 

0-0130 

10-82 

10-46 

25-75 

201 

17524 

0-2248 

60-45 
9-18 
74861 
65-3 

22-8 

2| 
3-44 
23-4 
20-85 
0-21 
33-03 
0065 
0-180 
00119 
11-12 
10-7 
27-24 
201-45 
1    174-21 
!        0-2262 

60-5 

9-87 
753-3 
58-75 
21-6 

3 

3-29 
22 
20 

0-2 
32-85 

0036 

0-1748 

0-0128 
1204 
11-67 
26-6 
210-1 
183-5 

0-2187 

59-92 
8-54 
753-3 
71-4 
22-4 

2* 

3-94 
22  35 
22-55 

0173 
34-40 

0-022 

0166 

0-0125 

10-94 

10-74 

28-84 

2121 

183-26 

0-2267 

G  

B  

J)   

n  

a   

T  

m  

i  T, 

nit 

k' 

.0 

e, 

t  

jM 

e 

c     

The  mean  value  is  0"2241  ;  greatest  deviation  0'0051. 
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The  specific  heat  found  between  200°  and  25°  is  ahnost 
identical  with  the  number  0-22616  obtained  by  Regnault. 
From  Regnault's  experiments  carried  out  for  the  temperature- 
interval  165°  to  200°,  as  well  as  from  mv  own  results,  it  ap- 
pears that  the  specific  heat  of  nitrous  oxide  increases  with 
increase  of  temperature. 

From  the  foregoing  measurements  the  following  true  specific 
heats  are  deduced  : — 

For      0 0-1083 

100 0-2212 

200 0-2442 

Multiplying  these  numbers  by  the  specific  gravity  of  nitrous 
oxide  (1-52)  we  obtain  the  relative  heats  : — 

For       0 0-3014 

100 0-3362 

200 0-3712 

Ammo)iia. 

The  gas  was  prepared  by  gently  warming  the  strongest  am- 
monia of  commerce,  and  dried  by  passage  through  a  long  tube 
filled  with  lime. 

In  order  to  regulate  the  velocity  of  the  flow,  the  gas  was 
passed  through  a  small  flask  containing  mercury  and  then 
through  an  empty  flask. 

The  manometer  (k)  contained  concentrated  ammonia  instead 
of  water  during  the  following  experiments.  A  three-way 
stopcock  served  to  lead  away  the  excess  of  gas  after  leaving 
the  balloon. 


Table  I. — Experiments  between  100°  and  25°. 

1      1- 

2. 

3. 

4. 

5. 

6. 

w 

60-38 
16-12 
753-3 
60-0 

19-8 
4 

4-03 
19-9 
17-9 

0-08 
25-8 
-0033 

0-0513 

0-0143 

7-76 

7-68 
22-9 
99-8 

61-45 
13-97 
752-46 
69-04 
16-3 

3 

4-66 
160 
16-38 

0-078 
23-45 
-005 

0-0848 

60-33 
13-38 
749-62 
70-59 
17-2 

3 

4-46 
15-9 
15-9 

0-086 
23-03 

000 

59-77 
15-12 
747-62 
73-04 
17-00 

H 

4-54 
16-85 
16-4 

0101 
24-39 
-00075 

0095 

0-0136 

7-69 

7-54 
20-55 
99-6 
79-05 

0-5226 

60-9 
14-78 
749-68 
60-32 
17 

H 

4-22 
16-75 
15-8 

0-098 
23-24 

0-0025 

0-087 

0-0130 

7-24 

7-06 
19-6 
99-6 
80 

0-5108 

60-62 
16-41 
747-4 
61-2 
25 

4 

4-10 
25-15 
22-65 

0-098 
30-50 
-0013 

0063 

0-014 

7-44 

7-28 
26-82 
102-0 
75-2 

0-5173 

G 

B  

p   

n   

a    

T  

m  

T, 

m, 

k' 

0-0180      0-012 

e  

6-79 

6-76 
200 
99-7 
79-5 

05164 

6-83 

6-7 
19-6 
99-6 
80 

0  5246 

0, 

t' 

M 

e  

c     

77-8 
0-5226 

104       i^I.  E.  Wiedemami  on  the  Specific  Heats  vf  Gases. 
Table  I.  (continued). 


7. 

8. 

9. 

10. 

11. 

12. 

w 

59-49 
16-65 
747-40 
63-24 
252 

4 

4-16 
25-3 
21-68 

0-137 
29-7 

0-002 

0-0785 

0-0175 

7-49 

7-24 
26-0 
99-5 
73-5 

0-5084 

0023 
16-75 
746-6 
64-1 
24 

4 

4-19 
23-7 
22-25 

0-078 
30-05 
-0025 

0059 

0-0131 

7-6 

7-5 

26-4 

101-8 

75-4 

0-5201 

60-64 
14-35 
746-6 
71-0 
24-2 

4 

3-59 
24-2 
22-56 

0-09 
29-60 

0-0025 

0-071 

00128 

6-68 

6-5 

26-26 

100  96 

74-7 

0-5246 

60 

14-76 
747-3 
690 
233 

4 

3-69 
23-1 
21 

01 
28-78 

0-0066 

0-076 

0-0125 

7-35 

7-14 
251 
104 
78-9 

0-5245 

60-96 
15-72 
747-3 
69-8 
23-7 

■1* 

3-77 
23-6 
20-56 

0-123 
28-95 

0-08 

0085 

00125 

7-77 

7-49 
25-0 
103-5 
78-5 

0-5271 

66-83 
17-7 
747-3 
71 
240 

4| 

3-73 
24-1 
21-11 

0-126 
29-85 

0017 

0089 

0-0124 

8-37 

8-04 
25-6 
100-6 
75          ' 

0-5240 

G 

B  

n    

n  

a   

T  

m 

T, 

m. 

/t\:. .:.... 

m    

e  

0, 

M 

e 

c     

The  mean  value  is  0*5202  :  greatest  deviation  0-0118. 
In  experiments  1  to  6  the  heating-vessel  contained  boiling 
water. 


Table  II. — Experiments  between  200°  and  25°. 


■ 

2. 

3. 

4. 

5. 

6. 

w 

60-84 

6-2 
750-6 
45-3 
23 

2 

3-1 
23-06 
23-25 

0-185 
30-9 

0-058 

0-183 

0-0162 

6-83 

6-59 
27-20 
203-8 
176-6 

0-5343 

60-71         60-3 

60-49 

8-2 

750-3 

371 

23-8 

3 

2-73 
23-8 
20-76 

0-183 
30-ii 

0-06 

0-145 

0-0126 

8-93 

8-57 
25-85 
2010 
175-15 

0-5341 

6104 

7-34 
750-3 
33-0 
23-8 

3 

2-44 
23-8 
21-5 

0-20 
30-24 

007 

0-165 

0-015 

7-99 

7-59 
26-0 
2000 
174-0 

0-5392 

60-21 

9-54 
750-3 
46-51 
241 

3 

3-18 
24-15 
20-75 

0-22 
31-95 

0-054 

0-169 

0-015 

10-45 

10-05 

26-52 

200-4 

173-88 

0-5340 

G 

7-6 
750-6 
45-3 
23 

2i 

304 
23-2 
22-68 

9-59 
750-6 
47-7 
23-6 

3 

3-2 
23-9 
19-78 

B  

n    

X  

n  

a    

T  

m  

0-204  ;      0-23 
31-85        31-37 
006     1      0-075 
0-195  '      0-175 
0-0157       0-0134 
8-42     i    10-55 
81           10-1 
27-4          25-73 
203-9        200-8 
176-5         175-07 
0-5349:      0-5291 

T, 

Ttlt 

k     

e  

^t 

t  

M 

e 

c     
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Table  II  {continued). 

7. 

8. 

9. 

10.      ! 

11. 

\w 

iG  

B  

P    

Y     

60-74 
6-81 
750-3 
45-3 
24-4 

2i 

3-14 
24-4 
23-07 

0-26 
32-01 

013 

0-242 

0-0145 

7-64 

7-22 
27-6 
2010 
173-4 

0-5448 

60-96 

7-02 
745-8 
51-4 
25-6 

21 

2-81 
26-0 
23-35 

0-25 
3315 

0-135 

0-22 

0-012 

7-95 

7-48 
28-55 
202-3 
173-75 

0-5493 

61-01 

8-15 
745-8 
48-9 
26-0 

3 

2-72 
26-6 
22-55 

0-30 
32-65 

0-15 

0-242 

0-0148 

8-94 

8-27 
27-8 
199-9 
172-1 

0-5322 

60-18 
8-3 
747-7 
45-9       S 
24-8 

3^        i 

2-61 
24-5 
21-14 

0-35 
320 

0-16 

0-29 

0-0174 

9-22 

8-40 
26-6       ' 
196-9 
170-3 

0-5270 

60-91 

6-6 

747-7 

44-0 

25-0 

2i 

2-604 
25 
21-25 

0-35 
30-44 

0-17 

0-277  i 

0-0196 

713 

6-50 
2622 
192-65 
166-43     i 

0-5323 

n    

a    

r    

T  

m  

T, 

m, 

k' 

9   

01  

t    

M 

e 

c     

The  mean  value  is  0'5356  ;  greatest  deA^iation  0'0137. 

Eegnault's  number  for  the  specific  beat  of  ammonia  between 
200°  and  20°,  viz.  0*50836,  is,  as  be  himself  supposed,  rather 
too  small ;  according  to  my  researches  it  should  be  0'5356. 

The  true  specific  heats  are  deduced  as  folloAvs  : — 

For      d 0-5009 

100 0-5387 

200 0-5629 

Multiplying  the  numbers  by  0-5894  (the  specific  gravity  of 
ammonia),  we  obtain  the  relative  heats  : — 

For      d 0-2952 

100 0-3134 

200 0-3378 

The  specific  heat  of  ammonia  increases  therefore  vriih  in- 
crease of  temperature,  although  not  in  so  marked  a  manner  as 
in  the  cases  of  nitrous  oxide,  carbonic  acid,  and  ethylene. 

Conclusio}!. 

A  comparison  of  the  results  obtained  by  the  method  described 
above  with  those  obtained  by  Regnault,  shows  that  my  results 
are  in  no  respect  less  exact  than  his.  But  inasmuch  as  the 
quantity  of  water  in  my  calorimeter  was  but  the  tenth  part  of 
that  used  by  Regnault,  it  was  only  necessary  to  employ  one 
tenth  of  the  quantity  of  gas  in  order  to  attain  as  great  an  in- 
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crease  of  teni})crature.  On  account  of  the  .saving  of  material 
it  was  possible  to  give  a  wider  expansion  to  the  research  in  a 
comparatively  shorter  time. 

The  follo^ving  Table  contains  the  numbers  represented  in  a 
somewhat  different  manner.  Columns  L,  II.,  and  III.  con- 
tain the  true  specitic  heats  of  the  various  gases  calculated  on 
unit  weight.  Column  IV^  gives  the  difference  between  the 
true  specific  heats  at  0°  and  at  200°,  stated  in  percentages  of 
the  specific  heat  at  0°.  The  fifth,  sixth,  and  seventh  columns 
give  the  true  specific  heats  Ciilculated  on  unit  volume,  the  spe- 
cific heat  of  unit  volume  of  air  being  taken  as  0'2389 ;  the 
eighth  column  shows  the  specific  gravities  of  the  gases  ;  and 
the  ninth  contains  the  proportion,  estimated  by  Regnault,  of 
the  products  of  the  volumes  V  and  Vj  and  the  pressures  P  and 
Pi,  when  P  is  taken  as  about  one  atmosphere  and  Pi  as  about 
two  atmospheres.  The  deviation  of  the  number  so  obtained 
from  unity  (to  which  it  is  equal  in  the  case  of  perfect  gases) 
may  be  taken  as  a  measure  of  the  deviation  from  the  state  of 
perfect  gas. 


Specific  heat8  of  equal  weights. 

Specific  heats  of  equal  volumes. 

I. 
0^ 

II. 
100°. 

III.    ,    IV. 
200'. 

V.        VI. 
0°.       100°. 

VII.     VIII. 

200°.     ^P^«- 
grav. 

tx. 

PV 

Air    

0-2389 

...     i     0        0-2389i     ... 

1        li-nn^i.'il 

Hydrogen     . . . 
Carbonic  oxide 
Carbonic  acid. 

Ethjlene  

Nitrous  oxide . 
Ammonia 

3-410 

0-2426 

0-1952 

0-3364 

0-1983 

0-5009 

0-2169 
0-4189 
0-2212 
0-5317 

...  !  0 

0 

0-2387    22-28 
0-5015    49-08 
0-2442    23-15 
0-5629    12-38 

0-2359!     .. 

0-2346      ... 
0-2985  0-3316 
0-3254  0-4052 
0-3014  0-3362 
0-2952  03134 

...      0-0692 

...       0-967 
0-3650  1-529 
0-4851  0-9677 
0-3712  1-5241 
0-3318  0-5894 

1-00293 
1-00722 

1-0065] 
1-01881 

As,  according  to  Avogadro's  law,  equal  volumes  of  different 
gases  contain  equal  numbers  of  molecules,  it  follows  that  the 
specific  heats  of  equal  volumes  of  gases  are  also  expressive  of 
the  molecular  heats  of  these  gases. 

The  specific  heats  calculated  from  the  foregoing  experiments 
for  constant  pressure  are  made  up  of  two  parts  : — first,  the  heat 
connected  with  the  expansion  of  the  gas  for  overcoming  the 
external  pressure,  which  is  calculated  (from  the  coefficient  of 
expansion  and  equivalent  of  heat)  to  be  0*06002  thermal  unit 
for  altering  the  temperature  of  1  gram  of  air  through  1°  ; 
secondly,  the  heat  connected  with  the  inten^al  work  of  the  gas, 
which  might  also  be  calculated  from  the  estiiuatioii  of  the  spe- 
cific heat  at  constant  volmnes.     The  present  does  not  appear 
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to  be  the  time  for  making  an  attempt  to  estimate  the  separate 
parts  of  the  heat  of  molecular  motion — ^heat  of  atom,  and  of 
atoms  (atom-  und  Atomenicdrme) ,  according  to  Naumann — 
which  constitute  the  specific  heat  at  constant  volume,  nor  for 
endeavouring  to  trace  simple  relationships  between  these — in- 
asmuch as  these  relations  would  appear  altogether  different  for 
different  temperatures,  on  account  of  the  unequal  alterations  in 
specific  heats  with  alteration  in  temperature,  which  are  not  to 
be  entirely  explained  as  small  differences  in  heats  of  expansion. 

The  alterations  in  the  specific  heats  of  gases  with  alterations 
in  temperature  cannot  be  explained  by  taking  into  account  the 
deviations  from  the  state  of  permanent  gases.  In  the  case  of 
ammonia,  for  instance,  the  alteration  with  the  temperature  is 
much  smaller  than  it  is  in  the  case  of  nitrous  oxide  and  car- 
bonic acid,  although  the  latter  are  much  more  nearly  perma- 
nent gases  than  the  former,  as  appears  from  the  proportion  of 

PV 

the  values  of  ^p^^  • 

The  smallness  of  the  difference  between  the  coefficients  of 
expansion  of  the  gases  show  that  the  alterations  in  question 
cannot  be  traced  to  this  difference. 

Any  attempt  to  explain  the  alterations  in  specific  heat  of 
these  gases  from  alterations  in  the  specific  heat  of  the  elemen- 
tary bodies  composing  them,  say  carbon  and  nitrogen,  does  not 
appear  feasible.  For,  in  the  first  place,  the  experiments  on 
air  show  that  the  specific  heat  of  nitrogen  itself  does  not  alter 
with  the  temperature  ;  and  further,  the  specific  heat  of  all  car- 
bon compounds  does  not  show  alterations  with  the  temperature. 
One  must  rather  accept  F.Weber's  Adew*,  that  the  carbon 
contained  in  these  compounds  is  possessed  of  properties  other 
than  those  which  characterize  the  carbon  of  carbonic  acid. 
It  is  not  impossible  that  variations  in  the  specific  heat  of  carbon 
may  have  something  to  do  with  the  phenomena  noticed  in  the 
case  of  carbonic  acid. 

The  alteration  in  specific  heats  "v^dth  the  temperature  may 
perhaps  be  explained  by  supposing  that,  when  one  of  the  given 
gases  is  warmed,  a  gradual  dissociation  is  taking  place  which 
eventually  results  in  a  loosening  t  of  the  combination  of  indivi- 
dual atoms,  and  that  this  process  is  attended  with  the  absorp- 
tion of  heat.  The  fact  that  the  decomposition  of  nitrous  oxide 
is  accompanied  with  evolution  of  heat  is  not  opposed  to  this 
explanation.  Favre  regards  this  evolution  of  heat  as  caused 
by  a  change  of  the  active  oxygen  of  the  oxide  into  inactive 

*  Pogg.  Ann.  1875,  vol.  cliv.  p.  578 ;  Phil.  Mag.  [IV.]  vol.  xliv.  p.  300. 
+  Horstman,  Ber.  d.  dent.  Chent.  Ges.  ii.  723. 
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oxygen.  At  the  teinporatures  employed  in  the  foregoing 
researches,  however,  it  is  not  to  be  supposed  that  dissociation 
would  proceed  to  completion  ;  this  change,  therefore,  would  not 
have  taken  place. 

But  further  experimental  investigations  must  precede  the 
theoretical  discussion  of  this  question.  It  will  bo  my  first 
endeavour  to  carry  out  experiments  within  greater  temperature- 
limits,  and  especially  to  estimate  the  specific  heats  of  the 
vapours.  I  have  already  carried  out  a  prolonged  series  of 
preliminary  experiments  with  this  object,  making  use  of  the 
apparatus  already  described  with  a  few  slight  modifications  ; 
the  narration  of  these  experiments  will  occupy  a  further  com- 
munication. 


XIII.  Model  of  a  small  Electrical  Machine. 
By  George  Fuller,  C.E.,  Belfast*. 

THIS  machine  is  a  double-acting  electrophorus  worked  by 
cranks,  with  the  addition  of  an  arrangement  by  which  a 
small  electric  charge  given  to  it  is  augmented  and  kept  up,  so 
that  the  dielectric  does  not  require  to  be  recharged. 

A  is  a  vulcanite  plate  supported  in  a  vertical  position  by  two 
insulated  standards,  /),  7). 

B,  B'  are  two  insulated  metallic  plates,  one  on  each  side  of 
the  plate  A  ;  these  can  be  moved  together  to  and  from  con- 
tact with  A  by  means  of  cranks  worked  by  the  handle  C. 

m  and  n  are  two  conductors  armed  Avith  needles  and  con- 
nected by  means  of  two  glass  rods,  so  that  they  receive  the 
same  reciprocal  motion  from  the  mechanism  by  means  of  the 
wire,  cord,  and  pulleys,  g,  g,  g.  The  wire  g  is  attached  to  the 
arm  that  moves  the  plate  B'  ;  and  the  length  of  the  cord  and 
size  of  pulley  are  so  adjusted  that  when  this  is  in  its  extreme 
position  from  A,  as  shown,  m  and  n  are  also  at  one  extremity 
of  their  motion,  as  shown  ;  and  when  B  and  B'  are  in  contact 
■with  A,  m  and  n  are  horizontal.  The  conductor  n  is  not  insu- 
lated ;  and  it  will  be  seen  by  the  diagram  that  m  and  n  during 
their  motion  pass  on  either  side  of  the  plate  A. 

To  the  conductor  m  is  fixed  a  wire  terminating  in  a  brass 
ball,  d  ;  this  wire  is  of  such  length  and  form  that  when  B  and 
B'  recede  from  A,  and  m  and  n  move  downwards  from  their 
horizontal  position,  the  ball  d  passes  close  to  B^  Care  has  to  be 
taken  that  this  juxtaposition  does  not  occur  until  the  vulcanite 
plate  separates  the  points  on  m  and  n. 

The  action  of  the  instrument  is  as  follows  : — A  charge  of. 

*  Cominunicated  l\v  the  Physical  Society. 
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say,  negative  electricity  having  been  given  to  the  insulated 
arm  m  when  in  a  vertical  position,  on  motion  being  given  to 


the  machine  this  electricity  is  distributed  by  means  of  the 
points  over  the  face  of  the  vulcanite  next  to  B  ;  at  the  same 
time  positive  electricity  is  drawn  from  the  earth,  thrown  upon 
the  other  face  of  that  plate  by  the  uninsulated  points  attached 
to  n.  When  now  B  and  B'  are  brouoht  into  contact  with  A, 
the  negative  electricity  on  its  one  face  attracts  the  positive  on 
the  conductor  B  and  repels  the  negative,  whilst  the  positive  on 
its  opposite  face  attracts  the  negative  on  the  conductor  B'  and 
repels  the  positive  ;  then,  by  means  of  the  piece  of  tinfoil  (^r)  that 
connects  B  and  B'  when  they  are  in  contact  with  A,  the  two 
electricities  that  are  repelled  neutralize  each  other  ;  and  when 
the  plates  are  moved  away  from  the  vulcanite,  B  is  charged 
with  positive  and  B'  with  negative  electricity.     Then,  before 
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reaching  its  extreme  position,  the  latter  oommunicates  its 
charge  to  the  insuhited  arm  m  by  the  brass  ball  </,  and  its  ne- 
gative electricity  is  thus  distributed  over  the  surface  of  A  next 
to  B  and  thus  augments  its  original  charge.  At  the  end  of  its 
path  B'  is  momentarily  connected  to  earth.  It  will  be  evident 
that  on  again  bringing  the  plates  into  contact  the  charge  in  B 
is  augmented  ;  also  that  if  a  supjdy  of  negative  electricity  is 
required,  the  only  modification  of  the  above  is  to  give  to  m  a 
charge  of  positive  instead  of  negative  electricity. 

The  above  instrument  forms  an  easily  constructed  and  worked 
electrical  machine,  and  is  beside  interestinjr  as  rendering  auto- 
matic  the  classical  electrophorus  of  Volta. 


XIV.    Vieios  of  the  Nature  of  Heat.     By  F.  MohRj*. 

THE  phenomena  of  heat  have  been  till  now  almost  exclu- 
sively explained  in  text-books  by  the  assumption  of  a 
Heat-substance.  The  discoveries  of  Melloni  have  made  this 
view  inapplicable  to  the  phenomena  of  Radiant  Heat ;  they 
require  the  assumption  of  vibrations  similar  to  those  of  the 
Undulatory  Theory  of  Light.  The  Propagation,  Transmission, 
and  Polarization  of  Radiant  Heat  have  been  completely  ex- 
plained by  these  assumptions  ;  and,  with  such  facts  to  guide  us, 
it  is  ceiiainly  no  mere  idle  speculation  to  attempt  to  extend 
this  view  to  the  phenomena  of  common  or  stiitionary  heat ; 
rather  it  is  in  the  highest  degree  seasonable  to  point  out  how 
this  view,  which  depends  upon  the  well-settled  facts  of  Melloni, 
explains  with  overwhelming  clearness  most  of  the  phenomena 
of  stationary  or  conducted  heat ;  and  it  is  to  be  expected  that, 
with  this  reform  in  our  ideas,  there  will  be  a  corresponding 
reform  in  our  terminology. 

Heat  is  thus  no  longer  a  particular  kind  of  matter,  but  an 
oscillatory  motion  of  the  smallest  parts  of  bodies.  Radiant 
Heat  is  propagated  in  straight  lines  ;  and  the  molecules  vibrate 
in  all  directions  in  a  plane  perpendicular  to  the  direction  of 
the  ray.  A  polarized  ray  ^dbrates  in  one  direction  only  in  this 
plane  ;  on  the  contrary  [the  particles  of]  an  ordinary  hot 
body  vibrate  in  all  possible  directions  of  space,  and  therefore 
propagate  their  heat  uniformly  in  all  directions.  The  propa- 
gation of  heat  by  contact  is  thus  a  communication  of  motion 
by  impact ;  and  cooling  is  a  relative  coming  to  rest.  The  num- 
ber of  heat-vibrations  per  hour  must,  as  in  the  case  of  light, 
be  very  large,  since  all  bodies  become  luminous  at  a  certain 
temperature  ;  but  even  at  this  temperature  waves  of  light  and 

*  Translated  by  Professor  Tait  from  Liebig's  Aunalen.  vol.  xxiv.  1837. 
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of  heat  are  not  identical ;  their  diflPerence  has  been  hitherto 
just  as  little  cleared  up  as  that  between  rays  of  heat  from 
different  sources. 

The  difficult  idea  of  imponderability  is  at  once  got  rid  of, 
since  a  body  when  vibrating  cannot  be  either  heavier  or  lighter 
than  when  at  rest.  The  so-called  absolute  zero  [of  tempera- 
ture] is  therefore  absolute  rest — no  doubt  altogether  unknown 
to  us  in  realit^-j  but  presenting  no  difficulty  to  the  mind. 

Heat  appears  as  force  (Kraft).  It  overcomes  the  cohesion 
of  bodies,  which  is  a  force;  but  that  ichich  overcomes  a  force 
must  be  itself  a  force.  And  the  expansion  of  bodies  by  heat  is 
a  force-phenomenon  of  the  highest  kind  ;  but  that  which  pro- 
duces motion  or  manifestation  of  force  must  be  a  force. 

The  expansion  of  bodies  by  heat  is  thus  an  extended  ampli- 
tude of  vibration.  The  bodies  themselves  do  not  expand,  but 
only  the  space  they  occupy  is  increased  by  their  larger  vibra- 
tions. The  compression  of  bodies  is  due  to  a  change  of  the 
amplitude  of  vibrations  by  external  power.  At  the  absolute 
zero  all  bodies  must  be  absolutely  incompressible.  One  can 
measure  the  expanding  force  in  certain  bodies  in  terms  of 
weight.  Water  expands  by  heating  0*004G6  of  its  volume  for 
1°  C.  Experiment  shows  that  water  loses  about  yoo^Wo  ^^ 
its  volume  under  one  atmosphere  of  pressure.  To  expand 
water  thus    much   by   heating    there    would   be    necessary 

0-000048°       1°  p      Ti     f       f  u  .1.       u     •  •,• 

/TTrrTTTr^r  =  TT^  ^-  ^^^  ^^^  lorccs  would  then  be  ni  equdi- 
O'OOJrbbO        9/  ^  ^ 

1° 
brium.     Heating  by  ^  C.  produces  in  water  a  force  of  pres- 
sure of  one  atmosphere.     1°  C.  is  thus  to  be  considered  =  97 
atmospheres,  and  10°  0.  =  970  atmospheres. 

When  a  body  passes  from  the  solid  to  the  liquid  state,  heat 
becomes  latent.  But  one  cannot  understand  how  heat  can  be 
present  in  a  body  without  becoming  evident  to  our  senses. 
The  usual  explanation  is  that  the  body  is  melted  ;  but  this  is 
no  explanation,  merely  the  repetition  of  the  factto  be  explained. 
The  easier  explanation,  from  our  point  of  view,  is  as  follows  : 
when  heat-force  is  expended  in  overcoming  another  force, 
cohesion,  it  must  itself  cease  to  be  perceptible  as  force  ;  thus 
every  case  in  which  heat  becomes  latent  is  connected  with 
production  of  motion  or  with  alteration  of  state  of  aggregation 
— that  is,  with  annihilation  of  material  forces.  Since  matter 
cannot  overcome  any  force,  this  explanation  was  not  at  the 
command  of  the  old  view.  A  melted  body  cannot  solidify 
without  giying  up  to  another  body  the  force  which  destroys  its 
cohesion : — Evolution  of  heat  in  the  solidification  of  melted  bodies. 
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In  the  production  of  gas  the  same  thing  takes  place.  In 
order  to  ovcrconio  the  cohesion  of  water,  some  heat  must  bo 
destroyed  and  become  imperce^jtible.  In  the  coming  Ijack  to 
the  licjuid  state  this  heat  must  be  again  disposable  and  able  to 
put  into  vibration,  /.  e.  to  warm,  the  thermometer  or  the  hand. 
A  gas  vibrates  so  that  its  particles  always  tend  to  drive  one 
another  further  off.  Tlie  niere  presence  of  a  gas  therefore  acts 
like  a  material  force.  In  a  solid  hodi/  the  particles  are  by  the 
vibration  7iot  driven  out  of  the  sphere  of  attraction,  m  a  liquid 
body  parfli/,  and  in  a  gas  entirely.  When  one  compresses  a 
gaseous  body  so  as  to  make  its  particles  moAC  within  this 
sphere  of  attraction,  they  attract  one  another  and  become 
liquid  : — Liquefaction  of  gases  by  pressure. 

There  is  an  essential  difference  between  gases  on  the  one 
hand,  and  the  two  other  states  of  matter  on  the  other. 

In  solids  and  liquids  each  temperature  corresponds  to  a  de- 
terminate expansion,  or  each  numljer  of  vibrations  to  a  defi- 
nite magnitude  of  their  amplitude  ;  on  the  contrary,  in  gases 
the  endeavour  is  at  all  temperatures  to  indefinitely  increase 
these  amplitudes.  This  endeavour  shows  itself  as  tension 
{Spanming\  and  appears  in  gases  only.  The  temperature  is 
the  number  of  vibrations  which  a  body  makes  in  a  given  time  ; 
this  number  increases  with  elevation  of  temperature.  All  heat 
which  is  not  employed  for  this  purpose  disappears  to  our  senses, 
and  thus  we  have  the  simple  distinction  between  sensible  and 
latent  heat :  Sensible  heat  increases  the  number  of  vibrations ; 
Latent  heat  increases  their  amplitude,  or  overcomes  material 
forces,  i.  e.  destroys  states  of  aggregation. 

When  a  mass  of  gas  is  suddenly  compressed,  the  excursions 
of  the  separate  particles  are  diminished  ;  and  thus  some  of  that 
force  becomes  disposable  which  before  determined  extent  of 
vibration,  and  was  therefore  not  perceptible  by  our  senses. 
This  force  can  now  be  employed  only  to  increase  the  number 
of  vibrations,  since  their  extent  is  limited  ;  that  is,  the  gas 
becomes  warmer.  Apparatus  for  inflaming  finder  by  compres- 
sion of  air.     {Compressionsfeuerzeiig.) 

When  a  gas  is  suddenly  expanded,  the  separate  particles  are 
compelled  to  make  larger  vibrations,  for  which  greater  force  is 
required.  This  can  only  be  taken  from  the  force  which  deter- 
mines the  number  of  vibrations  (temperature),  or  from  sur- 
rounding bodies,  i.  e.  the  gas  becomes  cooled  ;  which  experi- 
ment verifies.  Both  phenomena  are  entirely  unexplained  by 
the  old  view. 

Wide  vibrations  have  greater  force  than  narrow  ;  but  at  high 
temperatures  the  vibrations  always  increase  in  extent.  This 
increase  corresponds,  for  equal  increments  of  heat,  to  a  definite 
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fraction  of  the  immediately  preceding  volume,  and  not  of  that 
at  0°  C,  which  temperature  has  no  definite  relation  to  gases. 
Now,  since  this  fraction  must  itself  become  absolutely  larger 
with  the  already  too  much  increased  motion,  a  greater  force 
must  be  required  to  heat  a  body  from  90°  to  100°  C.  than  from 
0°  to  10°.  This  is  the  already  generally  observed  increase  of 
capacity  for  heat  at  high  temperatures.  All  bodies  which  ex- 
pand according  to  this  law  must  show  increasing  capacity  for 
heat.  In  the  neighbourhood  of  the  melting-point  bodies  ex- 
pand rapidly  and  irregularly  :  thus  much  heat  becomes  latent — 
most  of  it,  however,  during  the  melting  itself.  In  most  cases,  in 
melting,  heat  is  rendered  latent  in  two  ways: — by  expansion  and 
by  melting  respectively  ;  in  the  case  of  water,  which  contracts 
in  melting,  some  heat  is  by  this  means  given  out ;  or,  more 
correctly,  the  quantity'  of  that  rendered  latent  is  diminished. 

If  any  species  of  gas  is  heated  more  strongly,  it  strives  not 
only  to  increase  the  number  of  its  vibrations,  but  also  to  en- 
large their  amplitudes.  If  one  prevents  this  expansion,  it 
appears  as  increased  tension.  Oue  would  require  therefore  a 
smaller  quantity  of  heat  to  warm  a  gas  shut  in  by  firm  walls 
than  a  gas  contained  in  yielding  walls,  since,  if  heat  be  the 
cause  of  the  expansion,  just  as  much  heat  must  become  latent 
as  there  would  be  cold  developed  if  the  gas  were  allowed  to 
expand  as  much  as  before  but  Mdthout  the  supply  of  heat.  An 
imprisoned  gas,  therefore,  cannot  show  the  phenomenon  of 
increased  capacity  for  heat.  Were  we  able  so  to  compress 
solids  and  liquids  that  they  could  not  expand  by  heat,  even 
these  would  show  no  increase  of  capacity  for  heat ;  and  one 
could  thus  save  an  amount  of  heat  which  would,  according  to 
the  previous  calculation,  be  equal  to  the  compressing  force. 
On  this  account  also  the  notion  of  changing,  bv  pressure, 
liquids  into  solids  is  by  no  means  impossible,  ahhough  we  do 
not  as  yet  know  what  force  would  be  necessary.  The  com- 
pression of  water  in  a  piezometer  is  in  approximation  to  this. 

The  increased  power  of  absorption  of  rough  bodies  for  radiant 
heat  is  to  be  explained  by  the  easily  produced  vibration  of  pro- 
jecting points  ;  while  on  polished  closed  planes  the  very  cohe- 
sion is  opposed  to  the  assumption  of  vibrations.  It  would 
take  us  too  far  were  we  to  attempt  to  reduce  all  heat-pheno- 
mena to  this  view.  Those  v,-e  have  given  sufiice  to  show  how 
they  are  all  much  more  easily  and  intelligibly  deduced  from 
the  assumption  of  vibrations  than  from  that  of  heat-substance, — 
and  that  it  is  now  time  to  give  up,  in  science  and  in  text-books, 
the  indefinite  nomenclature  of  the  earlier  view. 

[About  the  time  when  ColdLng  aud  Joule  took  up  the  experi- 
mental investigation  of  Energy  at  tlie  point  where  it  had  been  left 
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by  Eumford  and  Davy,  there  were  published  a  great  many  specu- 
lations as  to  the  nature  of  Heat  and  its  relation  to  work.  Several 
of  these  speculations,  especially  those  of  iNIayer  and  Seguin,  have 
been  discussed,  and  at  least  in  part  reprinted,  in  the  Philosophical 
Magazine.  It  is  right,  therefore,  thtit  the  same  journal  should  recall 
attention  to  the  above  paper,  which  was  recently  pointed  out  to  me 
by  Professor  Crum  Brown,  and  contains  what  are  in  some  respects 
the  most  remarkable  of  all  these  speculations. 

Singularly  enough,  it  is  not  even  referred  to  by  Mayer,  though 
his  much  belauded  earliest  paper  appeared  only  five  years  later  and 
in  the  very  same  journal.  It  contains,  in  a  considerably  superior 
form,  almost  all  that  is  correct  in  Mayer's  paper ;  and,  though  it 
contains  many  mistakes,  it  avoids  some  of  the  worst  of  those  made 
by  Mayer,  especially  his  false  analogy  and  his  ci  priori,  reasoning. 

Polarization  of  Heat  is  ascribed  to  Melloni  instead  of  Forbes ; 
the  calculation  from  the  compressibility  and  expansibility  of  water 
is  meaningless  ;  and  the  confusion  between  the  two  perfectly  di- 
stinct meanings  of  the  word  Kraft  is  nearly  as  great  as  that  which 
some  modern  British  authors  are  attempting  to  introduce  into  their 
own  language  by  ascribing  a  second  and  quite  indefensible  meaning 
to  the  word  Force. 

On  the  other  hand,  several  of  the  necessary  consequences  of  the 
establishment  of  the  Undulatory  nature  of  Eadiant  Heat  are  well 
stated  ;  and  the  very  process  (for  determining  the  mechanical  equi- 
valent of  heat  by  the  two  specific  heats  of  air)  for  which  Mayer 
has  received  in  some  quarters  such  extraordinary  praise — though  it 
is  in  principle,  albeit  not  in  practice,  utterly  erroneous — is  here 
stated  much  more  clearly  than  it  was  stated  five  years  later  by 
Mayer.— P.  G-.  Tait.] 

XV.  Some  Further  Remarks  on  Heliuholtz's  Memoir  on  the 

Conservation  of  Force ;  and  on  the  more  Modern  Mode  of 
Preseiding  his  Theory.  By  lloBEUT  Moo's,  M.A.,  Honorari/ 
Fellow  of  Queens  College,  Cambridge*. 

I.  "TN  my  former  paper  f  I  drew  attention  to  Dr.  Helmholtz's 
-L  tacit  assumption  that,  Avben  waves  traverse  a  medium, 
the  term  in  the  equation  of  vis  viva  dej)endino;  on  the  ''  ten- 
sions "  vanishes,  and  to  his  inference,  from  a  crude  and  im- 
perfect treatment  of  a  particular  case  of  interference,  that  the 
sum  of  the  vires  viva  in  such  cases  is  always  constant. 

I  showed  that,  although  when  a  wave  is  propagated  un- 
alterably through  a  cylindrical  tube  filled  Avith  air,  for  ex- 
ample, "  the  sum  of  the  tensions  vanishes,  and  the  sum  of  the 
vires  vivce  is  necessarily  constant,  this  will  not  be  the  case 
when  two  such  waves,  in  other  respects  similar,  interfere  with 
each  other. 

*  Communicated  by  the  Author, 
t  See  Phil.  Mag.  for  Mav  1875. 
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Suppose,  for  instance,  that  we  hare  mo^ang  in  opposite 
directions,  so  as  to  encounter  each  other,  two  condensed  waves 
of  the  same  length,  having  each  a  single  position  of  maximum 
condensation — the  condensation  at  the  maximum,  and  at  equal 
distances  from  the  maximum,  being  the  same  in  both.  Under 
these  circumstances — -the  particle-velocity  throughout  the  one 
wave  being  necessarily  in  the  opposite  direction  to  that 
throughout  the  other* — as  the  waves  meet  and  gradually 
overlap,  a  constant  destruction  of  velocitv",  and  therefore  of 
vis  viva,  will  take  place  in  the  overlapping  portions,  till,  when 
the  position  of  complete  occultation  is  attained  (that  is,  when 
the  centre  of  one  wave  is  coincident  with  the  centre  of  the 
other),  the  vis  viva  of  the  system  of  two  waves  will  have 
entirely  disappeared.  After  passing  the  position  of  complete 
occultation  the  velocity,  and  consequently  the  vis  viva,  will 
re%'ive,  and  will  go  on  increasing  till  the  waves  are  entirely 
separated,  when  the  vis  viva  of  the  system  of  two  waves  will 
be  exactly  what  it  was  at  first. 

To  ascertain  the  effect  of  the  encounter  of  the  two  waves  on 
"the  sura  of  the  tensions,"  the  equation  of  motion  applicable 
to  this  case  being 

«=4'+|.' (^) 

we  shall  have  for  the  equation  of  vis  viva 

0=^(dM+{dt(dy^^J^;.     .      .     (2) 
2  J       df\      J      J      dt  dx  ^  ' 

where  x  and  y  are  the  ordinates  of  a  particle  in  the  position  of 
rest  and  at  the  time  t  respectively,  i)  the  pressure  at  the  time 
i,  and  D  the  density  of  equilibrium.  The  last  term  of  (2) 
represents  "  the  sum  of  the  tensions ;  "  the  integration  with 
respect  to  x  being  supposed  to  extend  over  the  entire  dis- 
turbance existinor  at  a  given  time,  that  with  regard  to  t  beino; 
taken  between  any  epochs  we  may  fix  upon. 

Before  interference  we  shall  have  i  dx -$■  -^  (which  call  a) 

]      dt  dx  ^  ' 

equal  to  zero,  and  the  sum  of  the  tensions  will  vanish.  But 
during  the  interference  the  value  of  a  will  vary  with  t ;  in 
other  words,  a.  Tsdll  be  a  function  of  t,  and  therefore   "  the 

*  It  should  always  be  borne  in  mind  that  when  waves  are  propagated 
unalterably  the  particle- velocity  in  a  wave  of  condensation  will  through- 
out be  in  the  direction  of  propagation ;  that  in  a  rarefied  wave  will  be 
throughout  in  a  direction  contrarv  to  that  of  propagation, — conclusions 
which  can  be  readily  verified,  either  with  or  without  the  aid  of  analysis. 
The  velocity  at  each  point  will  also  be  always  in  the  same  fixed  ratio  to 
the  condensation,  positive  or  negative,  at  that  point. 

12 
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sum  of  the  tensions''  (=  \adt  tiiken  between  such  values  of 

t  as  mav  be  fixed  upon)  will  not  vanish,  as  is  tacitly  assumed 
by  Dr.  Helmholtz. 

Moreover,   multiplying  (1)  by  ^^,   and    integrating    with 

respect  to  x,  we  shall  have 

D  C/.r^f^  +  (d.t^^  =  Sanction  of  ^ ; 
J       dt- dt      J       dxdt 

and  therefore,  integrating  with  respect  to  /, 

g  {dxf"+  {dt  f^4^1^  =  ^^^"i^-tion  of  t. 
2  J       dt       J     J      dxdt 

Hence,  if  the  integration  be  made  between  the  epochs  t^,  t-j 
occurring  during  the  period  of  interference,  the  right-hand 
side  of  the  equation  will  not  in  general  vanish,  from  which  it 
results  that  in  the  case  before  us,  during  the  period  of  inter- 
ference, the  sum  of  the  vires  viva'  and  of  the  tensions  will  not 
vanish,  as  asserted  by  Dr.  Helmholtz  *. 

We  have  hitherto  considered  the  results  which  occur  when 
both  the  encountering  waves  are  condensed.  When  both  the 
waves  are  rarefied,  the  effect  will  be  precisely  similar;  but 
when  one  of  the  waves  is  condensed  and  the  other  rarefied,  a 
material  variation  in  the  phenomena  occurs. 

We  will  suppose,  as  before,  that  the  waves  are  of  the  same 
length,  and  have  each  a  single  maximum,  but  that  at  the 
middle  point,  and  at  equal  distances  from  the  middle  point, 
the  excess  above  the  mean  density  in  the  one  is  equal  in 
amount  to  the  defect  below  the  mean  density  in  the  other. 
In  tliis  case  the  velocity  of  each  particle  of  the  one  wave  will 
necessarily  be  in  the  scune  direction  as  that  of  each  particle  of 
the  other. 

Under  these  circumstances,  at  the  moment  of  complete 
occupation  the  condensation  at  each  point  will  disappear,  but 
the  velocity  at  each  point  will  be  doubled  ;  so  that  the  vis 

*  In  my  former  paper  I  showed  that  when,  the  period  of  complete 
occultation  being  passed,  the  overlapping  is  confined  to  the  hinder  halves 
of  the  waves,  the  function  a  will  be  negative,  whence  I  too  hastily  drew 
the  inference  that  the  last  terra  of  ( 1)  will  be  negative.  In  point  of  fact 
in  the  same  way  in  which  it  is  shown  that  when  tViC  hinder  halves  only 
overlap  the  function  a  wiU  be  ne<ratiTe,  it  may  equally  be  shown  that 
when  the  front  halves  only  overlap  the  same  function  will  be  positive. 
In  fact  a,  which  will  be  zero  at  the  beginning,  middle,  and  end  of  the 
interference,  will  be  positive  during  the  first  half,  and  negative  during 
the  second  half;  and  the  sign  of  the  last  term  of  (1),  the  integration 
with  respect  t<i  t  being  taken  between  epochs  which  occiu-  during  the 
interference,  will  vary  according  to  the  pai-ticular  epochs  we  may  select. 
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viva,  which  depends  on  the  squares  of  the  velocities,  will  be 
quadruple  that  of  either  wave  taken  singlr.  and  the  vis  viva  of 
the  system  of  two  waves  at  the  moment  of  complete  occulta- 
tion  will  be  double  that  of  the  system  of  two  waves  before 
interference. 

If,  from  the  case  of  oppositely  moving  waves  in  a  tube 
filled  vcitii  air,  we  turn  to  that  of  opposing  waves  propagated 
along  a  stretched  cord,  we  shall  arrive  at  analogous  results. 

Suppose,  for  instance,  that  we  have,  moving  in  opposite 
directions,  two  waves,  each  of  which  till  the  moment  of  inter- 
ference is  propagated  unalterably,  the  displacement  in  each  of 
which  is  in  the  same  plane,  and  on  the  same  side  of  the 
position  of  rest  of  the  cord.  Suppose  that  the  waves  are  of 
the  same  length,  that  each  has  a  single  position  of  maximum 
elevation  (viz.  at  the  middle  point),  and  that  at  equal  distances 
from  the  centre  the  elevation  above  the  position  of  rest  is  in 
each  the  same. 

Thus,  before  interference,  the  particle-velocity  in  the  front 
half  (reckoned  in  the  direction  of  propagation  of  either  wave) 
will  be  in  a  direction  from  the  position  of  rest  of  the  cord, 
while  in  the  hinder  half  of  each  the  velocity  will  be  towards 
the  ])osition  of  rest  of  the  cord. 

Whence  it  follows,  on  the  principle  of  the  superposition  of 
small  motions,  that,  when  the  waves  are  in  a  state  of  complete 
occultation  (that  is,  when  the  centre  of  the  one  is  coincident  with 
the  centre  of  the  other),  the  particle-velocity  throughout  the 
whole  of  the  portion  of  the  cord  over  which  the  disturbance 
extends  will  be  zero,  at  the  same  time  that  the  distance  of 
each  point  from  its  position  of  rest  will  be  double  what  it 
would  be  at  the  same  distance  from  the  centre  of  either  wave 
taken  singly.  In  this  position  of  the  two  waves,  therefore, 
the  vis  viva  will  entirely  disappear. 

If,  the  waves  being  in  other  respects  as  described  in  the 
last  paragraph,  the  displacement  in  the  one  lies  wholly  on  the 
one  side  of  the  position  of  rest  of  the  cord,  while  in  the  other 
the  displacement  lies  wholly  on  the  opposite  side  of  the  same 
line,  the  result  of  the  interference  will  be  different.  In  this 
case  the  portion  of  the  cord  occupied  by  the  interfering  waves 
at  the  period  of  complete  occultation  will  be  in  the  position  of 
rest,  at  the  same  time  that  the  particle-velocit)-  at  each  point 
will  be  double  of  that  at  the  corresponding  point  in  either 
wave  taken  separately.  Thus  the  "  sum  of  the  tensions  "  will 
be  zero,  while  the  sum  of  the  vires  vivte  in  the  system  of  two 
waves  will  be  double  of  what  it  was  before  interference. 

It  is  difficult  to  conceive  of  any  case  of  the  point-blank 
interference  of  two  waves  where  the  results  would  not  be 
similar  to  those  which  have  been  above  pointed  out. 
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Take,  for  instance,  the  case  of  a  medium  in  which  the  par- 
ticles, l)einfT  s(>parated  by  finite  intervals,  act  upon  each  other 
solely  hy  their  mutual  attractions,  and  in  which  the  vibration 
is  transversal.  If  in  such  a  medium  two  waves,  analofjous  to 
those  ah'eady  described,  advance  towards  each  other,  the  dis- 
placement in  the  one  lying  wholly  on  the  one  side  of  the  line 
of  direction  of  the  wave,  while  that  in  the  other  lies  wholly 
on  the  opposite  side,  it  is  evident  that  at  the  period  of  com- 
plete superposition  all  particle-disj)lacement  must,  for  the 
moment  at  least,  have  ceased  to  exist,  and  all  "  the  tensions  " 
must  have  ceased  to  operate.  There  would,  in  fact,  be  an 
entire  annihilation  of  the  disturbance  but  for  the  circumstance 
that  each  particle,  although  in  the  position  of  equilibrium,  will 
be  endowed  with  a  velocity  double  of  that  with  which  it  would 
have  been  affected  if  one  only  of  the  two  waves  had  reached 
it.  In  this  case,  therefore,  the  vis  viva  of  the  system  of  two 
waves,  instead  of  being  unaltered,  will  be  doubled. 

If  the  disturbance  in  the  encountering  Avaves,  instead  of 
lying  on  opposite  sides,  is  in  each  case  on  the  same  side  of 
the  line  of  direction  of  the  waves,  it  is  obvious  that  the  vis 
viva  of  the  system,  which  according  to  Dr.  Helmholtz  is  con- 
stant, Avill  at  the  moment  of  complete  occultation  vanish  alto- 
getlier. 

II.  I  now  propose  to  call  attention  to  the  singular  misnomer 
involved  in  the  expression  "  sum  of  the  tensions  "  adopted  by 
Dr.  Helmholtz,  which  he  introduces  to  our  notice  in  the  fol- 
lowing terms  : — 

Taking  q  for  the  velocity  of  a  particle  whose  mass  is  m, 
and  </)  for  "  the  intensity  of  the  force  which  acts  in  the  direc- 
tion of  r,"  it  is  proved  that 

"imd(g'')=-(}>dr, 

or,  when  Q  and  R  represent  corresponding  tangential  velocities 
and  densities, 

"  Let  us  regard  this  equation  more  closely  :  we  find  at  the 
left  side  the  difference  of  the  vires  vivce  possessed  by  m  at  two 
different  distances.     To  understand  the  import  of  the  quantity 

1     (jidr,  let  us  suppose  the  intensities  of  (f>  which  belong  to 

diflferent  points  of  the  connecting  line  ma  erected  as  ordinates 
at  these  points ;  then  the  above  quantity  would  denote  the 
superficial  content  of  the  space  inclosed  between  the  two 
ordinates  r  and  E.  As  this  surface  may  be  regarded  as  the 
sum  of  the  infinite  number  of  ordinates  which  lie  between  r 
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and  E,  it  therefore  represents  the  sum  of  the  intensities  of  the 
forces  which  act  at  all  distances  between  R  and  r.  Calling 
the  forces  which  tend  to  move  the  point  m  .  .  .  the  tensions 

.  .  .,  then  the  quantity  i  <l)dr  would  be  the  sum  of  the  ten- 
sions between  the  distances  R  and  r."  (Taylor's  Scientific 
Memoirs,  1853,  p.  122.) 

It  is  somewhat  surprising  that  a  mathematician  of  Dr.  Helm- 
holtz's  pretensions  should  have  allowed  himself  to  speak  of  a 
"surface  ...  as  the  sum  of  [an]  infinite  number  of  ordinates," 
that  is,  of  an  infinite  number  of  geometrical  lines  !  The  sum 
of  an  infinite  number  of  lines  can  but  be  a  line,  infinite  it  may 
be  in  length,  but  not  a  surface. 

Dr.  Helmholtz's  surface  is  not  the  sum  of  an  infinite  number 
of  ordinates,  but  fhe  sum  of  the  products  of  an  infinite  number 
of  ordinates  each  multiplied  by  the  distance  between  itself  and 
its  next  consecutive  ;  in  other  words,  the  surface  is  the  sum  of 
the  products  of  the  ordinates  by  the  distances  betiveen  them. 

Having  misconceived  the  import  of  the  surface  which  he 
has  thus  introduced  to  our  notice,  we  can  hardly  be  surprised 
that  Dr.  Helmholtz  should  have  mistaken  the  character  of  the 
integral  of  which  that  surfiice  is  a  correct  representative. 

In  the  differentiations  which  occur  in  this  part  of  Dr.  Helm- 
holtz's memoir  the  time  is  the  "primitive  variable,"  a  fact 
which  he  himself  expressly  recognizes  (iihi  supra,  p.  120). 

It  follows  that  the  quantities  which  he  has  thought  proper 
to  write   d{q^)  and  dr  would   be  more    fully  and  precisely 

expressed  bv  the  svmbols  -    /  ^  dt  and  -r-dt,  and  that  his 

dt  dt 

equation 

^  md{q'^)=  —(f)dr 

is  in  effect  identical  with  the  following,  viz. 

inMldt=-<f>±dt, 
^       dt  ^  dt     ' 

and  that  his  equation 


iw( 


iQ!'-hnq''=-(^<f>dr 
is  nothing  more  or  less  than  the  following,  viz. 
i  ?nQ2  —  I  mg-  =  —  \     0  ^-^dt, 

where  T  and  t  are  the  times  corresponding  to  the  distances  R 
and  r.  It  follows,  therefore,  that  what  Dr.  Helmholtz  would 
have  us  accept  as  "  the  sum  of  the  tensions  [acting]  between 
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the  distances  R  and  r,"  is  in  fact  the  sum  of  the  following 
products,  viz.  of  the  tensions  actincr  (say)  at  the  beginning  of 
each  of  an  indetinitc  nuniher  of  equal  intervals  dt,  into  which 
the  interval  T  /  (corresponding  to  the  distances  K  and  r)  is 
divided,  each  nniltiplietl  by  the  velocity  of  the  particle  at  the 
same  instant  and  the  short  interval  dt,  during  which  the  ten- 
sion and  the  velocity  may  be  considered  uniiorm. 

It  is  thus  evident  that  the  term  in  the  equation  of  vis  viva 
which  Dr.  Helmholtz  otters  to  our  notice  as  dej)ending  solely 
on  the  tensions,  does  in  fact  de}>end  on  the  tensions  and  velo- 
cities combined  ;  from  which  it  results  that  the  interpretation 
of  the  equation  of  vis  viva  which  forms  the  basis  of  Dr. 
Helniholtz's  theory,  viz.  that  the  energy  of  a  system  consists 
of  two  separable  constituents,  one  depending  solely  on  the 
motion  existing  in  the  system,  the  other  depending  solely  on 
the  forces  exerted  by  the  particles  on  one  another,  has  no  foun- 
dation in  fact. 

T\'ho  shall  say  how  far  the  acceptance  so  widely  accorded 
to  Helmholz's  theory  is  not  due  to  this  palpable,  though  no 
doubt  unconscious,  misrepresentation  of  the  true  import  of  the 
equation  of  vis  viva  ? 

The  later  disciples  of  Dr.  Helmholtz,  while  altering  his 
nomenclature,  have  not  attempted  to  eliminate  from  it  its 
misleading  character. 

"  The  kinetic  energy  of  a  body  is  the  energy  which  it  has 
in  virtue  of  being  in  motion,  and  ....  its  value  may  be  found 
by  multiplying  the  mass  ....  and  half  the  square  of  its  velo- 
city."   (Maxwell's  '  Theory  of  Heat,'  p.  DO.) 

This  is  a  plain  assertion  that  half  the  product  of  the  mass 
and  the  square  of  the  velocity  represents  tJie  ivliole  of  the 
energy  which  the  body  has  by  virtue  of  being  in  motion,  which, 
it  is  manifest  from  what  has  preceded,  is  not  the  case. 

The  epithet  *•  potential,"  as  characterizing  a  kind  of  energy 
different  from  the  kinetic,  is  open  to  the  same  objection  as 
Dr.  Helniholtz's  expression  "  sum  of  the  tensions ;"  that  is, 
that  it  states  or  necessarily  implies  what  is  not  the  fact,  viz. 
that  the  quantity  which  it  is  intended  to  designate  is  inde- 
pendent of  the  velocities  existing  in  the  system. 

III.  A  like  confusion  of  language,  and  one  e([ually  misleading, 
occurs  in  a  passage  to  be  found  in  the  next  page  of  Prof. 
Maxwell's  Treatise,  the  consideration  of  which  will  serve  to  ex- 
hibit in  a  striking  manner  the  degree  of  care  and  judgment 
with  which  the  foundations  of  the  theory  have  been  laid,  and 
the  amount  of  discrimination  displayed  in  the  criticism  which 
has  been  bestowed  upon  it. 

After  being  told  that  "  the  energy  of  a  system  of  bodies 
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acting  on  one  another  with  forces  depending  on  their  relative 
positions  is  due  partly  to  their  motion  and  partly  to  their  re- 
lative positions,"  we  are  told  that  -  the  part  which  is  due  to 
their  relative  position  depends  on  the  work  which  the  various 
forces  would  do  if  the  bodies  were  to  yield  to  the  action  of 
those  forces."  (Ibid.  p.  91  ) 

Suppose  that  we  have  two  equal  bodies,  P,  Q,  which,  under 
the  influence  of  their  mutual  attractions,  varying  inversely  as 
the  distance  squared,  describe  similar  and  equal  ellipses  about 
their  common  centre  of  gravity,  G,  supposed  at  rest.  If,  at  a 
given  instant,  P  occupying  the  position  in  the  figure  mo-ses 
towards  A,  we  shall  haVe  Q  in  the  line  P  G  produced  moving 
towards  a. 


In  order  to  find  in  this  case  "  the  work  which  the  various 
forces  would  do  if  the  bodies  were  to  yield  to  the  action  of 
those  forces,"  we  must  resolve  the  attractive  force  on  each 
body  in  a  direction  parallel  to  the  direction  of  its  motion,  since 
"  the  whole  effect  ...  of  work  .  .  .  depends  on  the  part  of  the 
force  which  is  in  the  direction  of  motion"  (p.  90). 

In  the  case  before  us  it  is  evident  that  throughout  portions 
of  each  orbit,  amounting  in  the  whole  to  one  half,  the  force  on 
either  body  parallel  to  its  motion,  will  act  in  the  direction  of 
its  motion ;  while  in  the  other  portions,  also  amounting  col- 
lectively to  one  half,  it  will  act  in  the  direction  opposite  to  the 
direction  of  motion. 

But  we  are  elsewhere  informed  (p.  89)  that  "  if  the  force 
acts  on  the  body  in  the  direction  opposite  to  the  motion  .  .  . 
the  force,  instead  of  doing  work  on  the  body,  Avill  be  a  resist- 
ance which  the  body  in  its  motion  overcomes  ;"  and  as  work 
is  done  when  resistance  is  overcome  (p.  87),  it  follows  that  the 
work  which  is  done  under  such  circumstances  is  done  not  by 
the  force  but  by  •*  the  body  in  its  motion" — or,  to  use  some- 
what plainer  English,  by  the  momentum  with  which  the  body 
is  for  the  time  being  endowed. 

It  is  evident,  therefore,  that  in  the  case  we  have  just  been 
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considering  it  is  not  true,  as  asserted  by  Prof.  Maxwell,  that 
the  energy  of  the  system  consists  of  two  parts — one  depending 
on  the  motion  of  the  body  represented  by  the  kinetic  energy, 
the  other  depending  on  the  work  which  the  forces  would  do  if 
the  bodies  were  to  yield  to  their  action,  since  during  this  por- 
tion of  the  uK^tion  the  body  cannot  yield  to  the  action  of  the 
forces,  that  action  being  controlled  and  overcome  by  the  mo- 
mentum for  the  time  being  inherent  in  each  body. 

If  the  second  of  the  two  components  of  which  the  total 
energy  is  assumed  to  consist  is  to  be  expressed  in  the  language 
of  the  '  Theory  of  Work,'  it  is  evident  that  during  one  half 
of  the  motion  in  the  last  case.  Prof.  MaxAvell's  account  of  the 
composition  of  energy  must  be  modified  into  some  such  terms 
as  the  following. 

The  energy  of  the  system  consists  of  two  parts — (1)  the  kinetic 
energy  which  bodies  have  by  virtue  of  being  in  motion,  (2) 
an  energy  depending  on  the  amount  of  work  which  the  mo- 
mentum in  the  system  would  do  if  the  bodies  were  to  yield  to 
its  action, — a  classification  which,  however  exactly  it  meets  the 
case  to  which  it  is  intended  to  apply,  is  entirely  deficient  in 
that  antithetical  character  which  the  epithets  "  kinetic  "  and 
"potential  "  would  assign  to  the  two  functions  which  are  as- 
sumed to  represent  the  total  energy,  and  which  has  gone  so 
far  to  seduce  the  judgment  of  those  who  have  given  in  their 
adhesion  to  the  theory. 

IV.  A  more  obvious  and  decisive  contradiction  of  the  theory 
will  be  afforded  by  writing  down  the  equation  for  the  vis  viva 
in  the  foregoing  case  of  motion. 

Taking  unity  for  the  mass  of  each  body,  the  equations  ap- 
plicable to  the  motions  of  P  will  be  of  the  form 

<Pw  _       /x.r 

dt''~        r^' 

the  coordinates  being  measured  from  G  parallel  and  perpendi- 
cular to  Aa.     Hence 

2\dt\  ^d^\J  },r'\:  dt  ^^dtJ 


-i 


fi  dr 
'?dt' 


or 


2"-      7  "^^^ 
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where  r  is  necessarily  positive.  The  expression  for  the  vis 
viva  of  Q  will  be  precisely  the  same ;  so  that  the  equation  of 
vis  viva  for  the  system  of  two  bodies  will  be 

r 

It  thus  appears  that  instead  of  the  term  depending  on  the 
tensions  being  always  positive,  as  the  theory  assumes,  it  will, 
in  the  case  just  considered,  be  always  negative  ;  so  that  if  we 
take  the  vis  viva  to  represent  the  kinetic,  and  the  term  depend- 
ing on  the  tensions  the  potential  energy,  it  follows  that  it  is  the 
difference,  not  the  sum  of  the  kinetic  and  potential  energies  which 
in  this  case  of  motion  wiU  be  constant. 

I  apprehend  that  the  same  will  hold  in  all  cases  where  par- 
ticles separated  by  finite  intervals  attract  each  other  by  forces 
varying  as  some  inverse  power  of  the  distance  greater  than 
the  first.  A  simple  instance  which  any  one  may  without  dif- 
ficulty try  for  himself  is,  where  two  equal  bodies  are  mo^dng 
in  the  same  straight  line  towards  their  common  centre  of 
gravity. 

The  theory  of  the  Conservation  of  Force  or  Energy  pro- 
fesses to  be  founded  on  the  principle  of  vis  viva,  of  which,  in 
the  cases  to  which  the  latter  applies,  the  principle  of  the  con- 
servation of  energy  purports  to  be  merely  a  translation  into 
other  terms. 

If  the  foregoing  investigation  be  correct,  it  is  evident  that 
the  principle  of  the  conservation  of  energy  (in  the  form  in 
which  it  has  been  propounded)  must  involve  a  mistranslation 
of  the  principle  of  vis  viva,  and  that,  instead  of  deriving  sup- 
port from,  it  is  emphatically  contradicted  by  the  latter. 

6  New  Square,  Lincoln's  Inn, 
March  30,  1876. 

XYI.    On  the  Optical  Properties  of  Starch. 
By  Walter  Baily,  Esr^  *. 

WHEN  a  grain  of  starch  is  seen  under  the  microscope,  it 
generally  exhibits  a  spot  surrounded  by  a  series  of 
faint  lines  forming  closed  curves.  As  the  spot  never  occurs 
on  the  apparent  circumference  of  the  grain,  whatever  position 
the  grain  may  take,  the  spot  is  obviously  internal ;  and  as  the 
lines  always  surround  it  in  the  same  manner,  it  follows  that 
they  are  not  fixed  markings  but  the  foreshortened  parts  of  a 
series  of  transparent  envelopes.  In  fact  the  grain  consists  of 
a  nucleus  surrounded  by  coats. 

*  Communicated  bv  the  Author. 
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Under  tlio  polariscope,  with  the  Nicols  at  right  angles,  tlie 
grain  appears  to  be  marked  Avith  a  black  cross,  whoso  inter- 
section always  coincides  with  the  nucleus,  whose  arms  reach 
the  circumference,  and  whose  form  depends  on  the  kind  of 
starch,  as  well  as  on  the  position  of  the  grain  ;  the  s[)aces 
between  the  arms  are  illuminated  with  less  than  full  light,  the 
brightness  increasing  with  the  distance  frem  the  cross.  If 
the  Nicols  are  made  parallel  the  cross  becomes  white,  and  the 
spaces  between  the  arms  become  dark  but  not  black,  the  dark- 
ness increasing  with  the  distance  from  the  cross.  Hence  it  is 
evident  that  the  light  which  emerges  from  the  st^ircli  at  points 
on  the  cross  is  plane-polarized  in  the  plane  of  polarization  of 
the  lower  Xicol,  and  that  the  light  from  points  in  the  spaces  is 
elliptically  polarized,  the  polarization  being  most  nearly  cir- 
cular at  points  most  distant  from  the  cross,  where  the  turning 
of  the  upper  Nicol  was  found  to  occasion  the  least  change  in 
the  illumination.  In  round  grains,  such  as  voune  crrains  of 
potato-starch,  or  m  oval  grains  seen  endways,  the  cross  is 
rectilinear  and  rectangular,  the  arms  being  parallel  and  per- 
pendicular to  the  plane  of  polarization.  The  appearance  re- 
sembles closely  that  given  under  the  polariscope  by  the  circular 
disks  formed  in  crystallized  hippuric  acid  and  salicene.  In 
hippuric  acid  the  pattern  is  in  black  and  white  ;  but  in  salicene, 
though  the  cross  is  black  or  Avhite,  the  remainder  is  brilliantly 
coloured.  In  starch  the  j)attern  is  in  black  and  white  generally, 
but  the  largest  grains  show  a  trace  of  colour. 

Xow  the  optical  properties  of  these  disks  can  be  completely 
explained  by  supposing  that  the  substance  is  doubly  refracting, 
■with  two  axes  of  elasticity  at  each  point  in  the  plane  of  the 
disk,  one  of  them  being  directed  towards  the  centre  of  the 
disk.  The  arrangement  of  the  axes  of  elasticity  in  the  disk  is 
therefore  given  by  a  family  of  lines  radiating  from  the  centre, 
and  a  family  of  circles  described  about  it.  Plane-polarized 
litrht  passing  through  such  a  disk  will  emerge  -vWthout  change 
along  the  diameters  which  lie  parallel  and  jjerpendicular  to 
the  plane  of  polarization  ;  for  the  vibration  will  coincide  with 
one  of  the  axes  of  elasticity  at  every  point  on  these  diameters  : 
but  at  other  points  the  light  -will  be  resolved  into  a  vibration 
parallel  to  each  axis  ;  and  as  these  two  vibrations  will  be  un- 
equally retarded,  tlie  light  will  become  elliptically  polarized  ; 
and  the  cliange  will  be  greatest  in  middle  of  the  quadrants, 
where  the  axes  are  equally  inclined  to  the  plane  of  polariza- 
tion. The  absence  of  colour  in  hii)puric  acid  is  due  to  the 
difference  of  retardation  being  proportional  to  the  wave-length, 
whereby  light  of  all  kinds  emerges  similarly  polarized  ;  but  in 
salicene  the  proportion  between  the  retardation  and  the  Avave- 
length  must  be  different  for  different  kinds  of  light. 
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111  an  oval  grain  of  starch  seen  sideways  the  nucleus  is 
situated  generally  towards  one  end,  and  the  arms  of  the  cross 
are  curved,  except  when  the  length  of  the  oval  is  parallel  or 
perpendicular  to  the  plane  of  polarization,  in  Avhich  case  two 
arms  form  a  straight  line  along  the  length  of  the  oval,  and  the 
other  arms  are  curved.  The  same  effect  would  be  produced 
by  a  crystalline  disk  constructed  as  follows : — Eound  a  point 
as  nucleus  draw  a  family  of  ovals, 
each  having  the  point  towards  one 
end,  and  its  greatest  length  in  a  cer- 
tain direction,  and  let  the  axes  of 
elasticity  in  the  disk  be  at  each  point 
parallel  and  perpendicular  to  the  curve 
through  that  point.  The  form  of  the 
cross  for  any  position  of  the  lower 
Nicol  will  be  given  by  lines  drawn 
through  all  the  points  at  which  the 
curves  are  parallel  or  perpendicular 
to  the  plane  of  polarization. 

Now  in  a  round  grain,  or  an  oval  grain  seen  endways,  the 
foreshortened  parts  of  the  coats  give  a  series  of  circles,  and 
the  optical  effects  are  those  of  the  circular  disks  considered 
above  ;  and  if  the  oval  grain  is  seen  sideways  the  foreshortened 
parts  of  the  coats  give  a  series  of  ovals,  and  the  optical  effects 
are  those  of  the  oval  disk.  Let  us  assume  that  the  coats  are 
doubly  refracting,  and  that  one  axis  of  elasticity  at  each  point 
is  normal  to  the  coat,  and  differs  in  value  from  the  other  two 
which  lie  in  the  tangent  plane  to  the  coat.  These  two  will 
of  course  be  of  equal  value  in  spherical  grains ;  but  in  other 
cases  they  may  differ  somewhat  from  one  another,  but  less 
than  each  differs  from  the  normal  axis.  In  each  coat,  at  points 
where  the  coat  is  not  foreshortened,  the  normal  axis  "oill  be 
more  or  less  in  the  direction  of  the  ray,  and  the  effect  of  the 
coat  on  the  light  ^^•ill  be  little  or  none,  since  the  tangential 
axes  are  nearly,  if  not  quite,  equal  ;  but  where  the  coat  is 
most  foreshortened  the  normal  axis  will  be  at  right  angles  to 
the  ray,  and  the  effect  of  the  coat  on  the  light  will  be  greatest. 
Hence  the  effect  of  the  whole  grain  on  the  light  will  be  nearly 
the  same  as  that  of  a  section  taking  in  the  nucleus  and  those 
parts  of  the  coats  which  are  most  foreshortened.  But  in  such 
a  section  the  optical  structure  would  be  exactly  that  of  the 
disks  we  have  been  considering,  and  which  we  have  seen  to 
produce  the  same  effect  on  light  that  a  grain  of  starch  pro- 
duces ;  and  therefore  we  may  conclude  that  a  grain  of  starch 
really  consists  of  a  series  of  coats  round  a  nucleus,  each  coat 
being  doubly  refracting,  and  having  one  axis    of  elasticity 
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normal  and  two  tangential,  and  that  the  normal  axis  differs 
more  from  the  others  than  they  differ  from  one  another. 

Some  kinds  of  starch  have  grains  of  more  irregular  shajje 
than  those  treated  of;  but  their  optical  effects  may  be  explained 
in  the  same  manner. 

This  conclusion  seems  to  agree  with  that  arrived  at  by 
Niigeli  and  Schwendener :  see  Sach's  '  Textbook  of  Botany,' 
p.  .588. 

24  Hyde  Terrace,  Leeds, 

XVII.   The  Pitted  Surface  of  Meteontes. 
Bij  N.  Stohy  Maskelyne,  F.E.S.  <^t. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

Gentlemen, 

IN  the  Coniptes  /{endus  for  April  24:th  of  this  year  M. 
Daubrce,  the  eminent  director  of  the  JScole  des  Mines, 
has  offered  an  explanation  of  the  hollows  which  characterize 
the  crusted  surfiice  of  meteorites.  This  explanation  he  partly 
draws  from  the  very  singular  parallelism  between  this  alveolar 
surface  of  meteorites  and  that  presented  by  the  fragments  of 
unburnt  gunpowder  that  fall  at  some  distance  from  the  muzzle 
of  a  large  piece  of  ordnance. 

I  had  myself  the  pleasure  of  introducing  this  subject  to  the 
notice  of  my  friend  M.  Daubree  AA'hen  he  was  staying  with  me 
in  London  in  the  summer  of  last  year.  I  drew  his  attention 
to  the  remarkable  similarity  which  these  incompletely  burned 
fragments  of  gunpowder  bear  in  the  pitted  character  of  their 
surfaces  to  meteorites,  whose  black  crust  presents  hollows  and 
irregularities  curiously  identical  in  feature  with  those  of  the 
powder  fragments. 

I  spoke,  indeed,  with  some  hesitation  as  to  the  causes  of  this 
similarity  in  the  two  cases,  as  the  conditions  were  by  no 
means  identical.  Had  M.  Daubree's  explanation  been  in  all 
respects  in  accord  with  what  seemed  and  seems  to  me  the 
most  satisfactory  way  of  accounting  for  phenomena  so  similar, 
it  would  be  unnecessary  for  me  to  make  any  further  observa- 
tion on  the  matter. 

I  should  merely  have  been  anticipated  in  the  publication  of 
one  of  the  points  I  have  discussed  in  a  little  treatise  on 
meteorites  long  nearly  ready  for  printing. 

Smce,  however,  M.  Daubree  does  not  give  the  same  ex- 
planation of  the  hollows  pitting  the  surface  of  a  meteorite 
that  still  appears  to  me  to  be,  on  the  whole,  the  best  way  of 
accounting  for  them,  I  venture  to  put  on  record,  earlier  than 
I  otherwise  had  intended  doing,  what  I  conceive  is  the  pro- 
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bable  cause  of  the  variolar  surface  in  the  two  cases,  aud  in 
what  respects  I  find  myself  not  in  accord  with  the  conclusion 
of  the  Director  of  the  Ecole  des  Mines. 

And  I  should  here  say  that  I  have  had,  on  more  occasions 
than  one  during  the  last  two  or  three  years,  to  thank  my 
friends  Professor  Abel  and  Major  Xoble  for  specimens  of  these 
fragments  of  gunpowder  as  projected  from  the  35-ton  and 
80-ton  guns  at  Woolwich,  and  that  in  the  explanation  I  offer 
of  this  part  of  the  questions  at  issue  my  opinion  has  been 
brought  into  its  present  shape  by  the  free  communication  of 
theirs,  of  which  I  trust  it  will  be  a  fair  representation. 

The  fragments  are  generally  about  the  size  of  a  small  nut, 
and  very  irregular  in  form ;  but  where  the  original  grain  of 
the  gunpowder  had  a  definite  geometrical  shape,  this  shape  is 
distinctly  recognizable  in  the  diminished  fragment  which 
represents  it. 

The  surface  of  the  fragment  is  usually  covered  with  a  sort 
of  irregular  reticulation  composed  of  hollows  which,  though 
sometimes  isolated  and  nearly  hemispherical,  more  often  are 
seen  to  become  confluent  while  remaining  comparatively 
shallow.  Sometimes  a  surface  is  met  with  that  is  smooth  and 
unindented.  Any  one  familiar  with  the  aspect  of  a  stone 
meteorite  (an  aerolite)  will  recognize  at  once  the  similarity 
of  this  description  to  that  of  the  black  incrusted  and  indented 
surface  of  one  of  these  curious  bodies.  Those  who  are  un- 
familiar with  this  very  characteristic  feature  of  a  meteorite 
can  see  it  abundantly  illustrated  in  the  collection  at  the  British 
Museum.  Such,  I  may  add,  is  the  resemblance  of  the  gun- 
powder fragment  to  a  small  meteorite,  that  three  years  ago, 
when  I  placed  one  of  these  powder-grains  in  the  hands  of 
Mr.  T.  Davies,  the  experienced  assistant  in  the  Mineral  De- 
partment at  the  British  Museum,  he  exclaimed,  '•  What  a 
beautiful  little  specimen  of  the  Cold  Bokkeveldt  meteorite  ! 
how  remarkably  well  it  is  indented  !  " 

One  would  suppose  that  such  a  similarity  in  the  two  kinds 
of  object  must  both  be  due  to  a  similar  cause,  and  the  more 
so  as  in  each  case  we  have  an  accompaniment  of  detonation 
with  enormous  velocity  and  sudden  difierences  of  temperature 
and  pressure ;  and  yet  this  parallelism  of  cause  may  never- 
theless not  be  quite  so  complete  as  is  that  of  the  eflects  in  the 
two  cases. 

Among  the  many  splendid  services  which  Professor  Abel 
has  contributed,  not  only  to  the  War  Department  at  Woolwich, 
but  at  the  same  time  to  science,  rank  his  studies,  extend  otl 
over  many  years,  of  the  various  conditions  for  and  results  of 
the  combustion  of  explosive  agents,  including  gunpowder. 
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Ho  sliowcd  that  by  simply  roinoving  the  gases  rapidly 
enough,  as  in  an  exhaustetl  vessel,  you  might  arrest  entirely 
the  combustion  of  gunpowder — and,  further,  that  another 
element  in  the  rapidity  with  which  the  combustion  penetrates  a 
solid  mass  of  that  explosive  is  the  density  of  the  mass.  The 
huge  cubes  of  nearly  two  inches,  no  less  than  the  other 
varieties  of  "  pebble  "  and  "  prismatic  "  forms  of  coarse-grain 
powder  emj)loyed  in  our  large  guns  are,  by  their  very  manu- 
facture, lacking  in  mechanical  homogeneity. 

Within  the  gun,  where  the  pressure  is  some  twenty-two  or 
twenty-three  tons  to  the  square  inch,  the  process  of  combus- 
tion goes  on  rajjidly,  but  can  be  regulated  by  adjusting  the 
density  ;  and  size  of  the  gas-producing  grains  of  gunpowder. 
It  furthermore  goes  on  with  greater  intensity  at  some  than  at 
other  parts  of  the  surface,  in  consequence  of  the  variations  in 
density ;  and  at  these  jjoints  centres  of  combustion  become 
established — the  relative  de{)ths  in  ditierent  parts  of  t/ie  sur- 
face to  which  the  combustion  would  penetrate  in  any  brief 
period  depending  on  the  relative  densities  of  the  ingredient 
granules  or  fragments  of  "  cake,"  which  give  to  the  gun- 
])Owder  mass  the  character  of  a  sort  of  breccia.  At  the  dis- 
charge of  the  gun  the  released  gases  escape,  together  with  a 
lew  fragments,  which  are  the  cores  of  some  of  the  cubes  of 
gunpowder  which  have  not  had  time  to  be  entirely  consumed  ; 
and  at  the  surface  of  these  fragments  the  combustion  will 
proceed  at  ditierent  centres  of  combustion,  the  depth  of  which 
depends  on  the  density  of  the  powder  and  the  pressure  exerted 
on  it  by  the  surrounding  gases. 

At  the  same  time  the  sudden  removal  of  the  vast  pressure 
in  operation  within  the  gun,  and  an  initial  velocity  of  1400  feet 
in  a  second,  sufiiciently  explain,  on  Professor  AbeFs  principle, 
the  extinction  of  the  combustion  of  these  projected  fragments. 
Their  pitted  surfaces  are  also  explained  as  the  result  of  me- 
chanical heterogeneity  in  the  component  particles  of  the 
powder. 

With  these  points  M.  Daubrce  appears  to  be  in  accord, 
though  he  does  not  seem  to  have  been  aware  of  Professor 
Abel's  researches,  as  he  does  not  refer  to  them. 

Let  us  now  turn  to  the  case  of  a  meteorite.  It  enters  our 
atmosphere  with  at  least  a  planetary  velocity,  which  is  at  once 
arrested  by  the  resistance  the  body  experiences  in  traA-ersing 
even  the  highest  and  rarest  region  of  the  aerial  envelope  of 
our  globe. 

The  resulting  heat  at  once  fuses  the  surface  of  the  stone  or 
iron;  and  though  the  fused  and  oxidized  material  is  thrown  off 
(aided  in  most  ciises  by  a  rotatoiy  movement  in  the  mass)  as 
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rapidly  as  it  is  formed,  the  heat  must  quickly  begin  to  pene- 
trate towards  the  interior  of  the  body,  even  where  its  ingre- 
dients offer  so  inferior  a  conducting-material  as  spherules  of 
macrnesian  or  ferro-magn?sian  silicates  united  in  different 
degrees  of  aggregation,  and,  indeed,  often  forming  a  very  in- 
compact structure.  The  explanation  I  have  heretofore  offered  of 
the  "  pitting  "  of  the  surface  of  a  msteorite  was,  that  the  want 
of  homogeneity  of  the  mass  permitted  the  heat  to  penetrate 
more  rapidly  from  its  exterior  in  some  places  than  in  others, 
so  that  the  sudden  expansion  due  to  the  almost  instantaneous 
accession  of  enormous  temperature  on  the  surface  of  the  stone 
tore  out  small  pieces  of  it  and  flung  them  off  from  the  swiftly 
moving  mass,  the  interior  of  which  must  be  presumed  to  be 
the  more  brittle  from  the  meteoric  body  entering  our  atmo- 
sphere with  the  temperature  of  the  ''  cold  of  space  "  (see  Phil. 
Mag.  January  1863).  Even  were  one  large  outer  shell  from 
this  cause  to  break  away  from  an  inner  core,  we  should  expect 
the  surfaces  to  present  projections  and  depressions  correspond- 
ing in  part  to  the  denser  or  less  dense,  the  better  or  the  less 
well  conducting  parts  of  the  mass,  and  partly  also  of  course  to 
any  directions  of  weaker  cohesion  in  the  stone  arising  from 
other  causes. 

The  greater  fusibility  of  some  than  of  other  of  the  mineral 
ingredients  of  the  meteorite  (for  instance,  of  the  more  ferrous 
as  compared  with  the  less  ferrous  and  more  magnesiferous  sili- 
cates) may  in  certain  cases  explain  some  of  the  peculiar  pitlike 
indentations,  as,  for  instance,  those  in  which  a  rather  deep 
irregularly  shaped  hole  is  met  with,  perhaps  half  an  inch  in 
depth  ;  and  in  the  fusion  and  reincrustation  of  a  freshly  broken 
surface,  after  explosion  and  fracture,  this  cause  possibly  helps 
in  increasing  the  variolar  irregularities  of  the  surface.  Another 
cause  of  these  iri-egularities  suggests  itself  in  the  differences  of 
combustibility  of  the  ingredients  of  a  meteorite  ;  for,  in  a  strict 
sense  of  the  word,  in  most  meteorites  the  bulk  of  the  ingredi- 
euts — all  in  fact  except  the  purely  magnesian  or  calcio-mag- 
nesian  iron-free  silicates — are  combustible,  i.  e.  can  undergo 
further  oxidation  ;  for  this  is  true,  be  it  remembered,  not 
merely  of  the  iron  and  the  troilite  (FeS),  but  a^so  of  the  mag- 
nesio -ferrous  silicates  bronzite  and  oli^"ine.  But  I  cannot  believe 
that  this  is  an  active  agent  in  the  pitting  of  the  surface,  how- 
ever it  may  contribute  to  the  brilliancy  of  the  fiery  meteor. 
For  it  is  no  uncommon  thing  to  find  enclosed  in  the  black 
oxidized  glaze  of  a  meteorite  little  pepites  of  nickel-iron  un- 
oxidized ;  and  in  the  Busti  meteorite  the  yellowish  glaze 
covered  alike  the  augite  and  the  Oldhamite  (CaS),  without 
offering  anv  indication  of  the  latter  having  been  burned  away- 
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and  of  hollows  Leiiig  formed  at  the  spots  where  the  crust  en- 
closed or  was  nnderlaiii  hy  spherules  of  the  sulphide. 

In  general  I  see  no  reason  to  believe  that  the  oxidation  pe- 
netrates below  the  thin  pellicle  of  oxidized  crust  or  enamel  that 
perpetually  forms  over  and  protects  the  interior  of  the  stone 
or  iron  mass,  and  so  often  even  encloses  unchanged  particles  of 
its  most  oxidizable  ingredients.  That  the  character  of  tlie  pitting 
which  the  surface  of  a  meteorite  uutlergoes  does  not  depend  so 
much  on  the  combustibility  of  its  ingredients  as  on  their  mecha- 
nical aggregation,  seems  further  to  follow  from  the  fact  that  the 
carbonaceous  meteorites  are  not  more  pitted  (generally,  I  think, 
less  so)  than  those  which  are  free  from  carbon,  while,  on  the  other 
hand,  the  more  compact  meteorites,  but,  I  should  add,  also 
those  containing  least  of  felspathic  ingredients  (the  incrustation 
of  the  more  felspathic  varieties  being  usually  a  once  very  fluid 
glaze),  are  those  which  offer  the  most  pitted  surfiices.  The 
meteorites  of  Iowa,  Gopalpur,  Pultusk,  and  the  marbled  or 
brecciated  stones  of  Maza  Koorna,  Aldsworth,  and  Parnallee 
may  be  instanced  in  confirmation  of  this  ;  while  the  softer  and 
less  compact  aggregates  of  meteoritic  matter,  of  which  the 
Nellore  and  Busti  meteorites  are  examples,  present  but  little 
pitting  on  their  surfaces. 

I  believe,  then,  that  it  is  to  the  difference  in  the  mechanical 
facility  with  which  the  sudden  heat  penetrates  the  mass  at  dif- 
ferent points  on  its  surface,  partly  as  a  consequence  of  greater 
conductivity,  partly  of  greater  fusibility,  that  the  melting-out 
and  innnediate  dissipation  in  the  air  of  the  material  at  those 
parts  is  mainly  due,  and  that  it  is  in  no  degree  due  to  the 
areater  combustibility  of  the  mass  at  those  points. 

M.  Daubrce,  on  the  other  hand,  does  not  believe  that  the 
"  pitting  '■  is  due  to  the  sort  of  splintering  effect  of  enormous 
heat  suddenly  applied,  because  he  has  failed  in  producing  an 
analogous  surface  by  plunging  various  kinds  of  rock  into  a  fur- 
nace at  the  Conservatoire  des  Arts  et  Metiers  ;  in  which,  how- 
ever, the  contrasts  of  temperatiu:e  and  mechanical  means  of 
momentarily  removing  the  fluid  incrustation  are  absent  from 
the  experiment,  even  if  the  characters  of  the  rocks  were  strictly 
comparable.  M.  Daubrce,  however,  ofters  another  explanation 
of  the  phenomenon  ;  and  this  at  least  is  one  which  it  would  be 
difficult  to  refute  by  the  repetition  of  the  conditions  in  an  ordi- 
nary experiment.  His  view  is,  that  the  hollows  formed  on  the 
surface  of  the  meteorite  are  produced  by  a  sort  of  boring  action 
effected  by  the  air  compressed  and  fiercely  agitated  into  gyra- 
tory motion  by  the  rapidly  moving  stone.  ''  En  tourbillonnant 
ainsi  sous  de  telles  pressions,  Tair  tend  a  tarauder,"  he  says, 
and  considers  this  mechanical  action  to  be  assisted  by  the  che- 
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mical  combustion  of  the  iron  and  troilite  contained  in  the  me- 
teorite. The  last  point  has  been  alreadv  considered  ;  on  the 
other  I  have  only  to  observe  that,  were  the  hollowing-out  of  a 
meteorite  due  to  such  little  whirlwinds  on  its  surface,  we  should 
find  traces  of  the  rotatory  action  in  a  whorl-like  distribution  or 
marking  of  the  crust.  We  do  not  find  this,  whereas  we  do^ 
find  very  often  distinctly  marked  traces  of  the  orientation  of 
the  meteorite  at  a  given  period  in  its  course,  indicated  by 
the  backward  flow  of  the  then  molten  crust,  which,  like  some 
old  Una  stream  in 2?etto,  still  presents  lines  following  the  course 
of  that  flow  on  the  surftice,  and  a  denser  incrustation  in  the 
rear  than  on  the  front,  from  v^diich  the  backward-streaming 
lines  take  their  course. 

The  subject  here  discussed,  however,  is  bound  up  vvith  ques- 
tions as  to  the  original  form  in  which  meteorites  enter  our 
atmosphere,  questions  that  have  recently  been  discussed  from 
two  very  opposite  points  of  view  by  F.  Mohr  in  Liebig  s  An- 
nalen  (vol.  clxxLx.  pp.  257-282),  and  by  Professor  Tschermak, 
in  the  June  Supplementary  Number  of  the  Philosophical  ]Maga- 
zine  for  this  year.  I  will  take  a  nearly  opportunity  of  asking 
you  to  record  my  %-iews  on  both  of  them. 
I  am,  yours  &c., 

N.  Story  Maskelyxe. 

112  Gloucester  Ten-ace,  W., 
July  17,  1876. 

XVIII.    On  the  Elasticity  of  Brass. 
By  Lieut.-Col.  A.  E.  Clarke,  C.B.,  R.E.,  F.R.S,,  ^t.* 

N  the  course  of  a  recent  measurement  of  the  distance  be- 
tween the  knife-edges  of  Kater's  Pendulum,  it  became 
necessary  to  consider  the  question  of  the  change  of  length 
which  takes  place  when  the  position  of  the  pendulum  is  changed 
from  vertical  to  horizontal,  and  also  the  alteration  in  length 
caused  by  interchanging  the  knife-edges  in  swinging.  The 
values  of  the  modulus  of  elasticity  v.'hich  are  found  in  the  ordi- 
nary books  of  reference  are  given,  so  far  as  I  have  seen,  with- 
out any  statement  of  the  authority  on  which  they  rest ;  and  it 
does  not  appear  that  any  precise  experiments  have  been  made 
in  this  country  on  the  elasticity  of  brass,  though  those  of  iron 
and  steel  are  well  determined.  Some  circumstances  having 
led  me  to  doubt  the  accuracy  of  the  value  taken  from  the  Table. 
a  simple  experiment  on  the  flexure  of  a  brass  scale  was  made, 
which  gave  a  very  different  value. 

In  order  to  get  some  precise  results,  I  obtained  four  speci- 

*  Communicated  by  the  Author. 
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mens  of  bra.s.-j,  of  which  the  dimension.^  and  weif;ht.s  are  shown 
in  the  followincr  Table  : — 


Rod. 

Length. 

Breadth  of      Breadth  of 

opposite  faces  opposite  fiices 
I.  and  III.       ll.  and  IV. 

1 

Weight.      ! 

j 

No.  1. 
.,  2. 
,.  3. 

..4. 

in. 

39-85 
39-85 
39-85 

39-85 

in.                      in. 
02370              0-2400 
02392              02385 
02875              02127 

lb. 

072161 
0-73018 
0-76143 

1  0901 8 

Circumference  =1-0610 

Nos.  1  and  2  were  cut  from  the  same  sheet  of  brass,  but  the 
latter  was  well  haninicred  ;  No.  3  is  cut  from  a  diffei-ent  sheet. 
These  three  specimens  were  very  carefully  filed,  and  their  di- 
mensions are  very  uniform  throughout.  The  quantities  in  the 
Table  result  each  from  ten  measures  at  equal  intervals  ;  and  the 
probable  error  of  each  (juantity  may  be  ±0*0003  in.  The  round 
rod  No.  4  is  very  fairly  circular  in  section  ;  it  is  probably 
drawn,  not  rolled.  The  probable  error  of  its  circumference 
may  be  taken  at  ±0-001  in. 

In  order  to  ascertain  their  elasticity,  the  rods  were  provided 
witli  three  supports,  one  at  each  extremit}',  and  a  third  at  the 
centre  capable  of  movement  by  a  micrometer-screw  in  a  ver- 
tical direction.  Thus,  when  the  rod  is  straight,  or  when  the 
centre  support  is  in  line  with  the  others,  the  bar  rests  at  the 
left  for  one  fortieth  of  an  inch  of  its  length,  and  over  its  entire 
breadth,  upon  the  brass  rectangular  support ;  the  central  mo- 
vable support  is  a  knife-edge  ;  antl  at  the  right  end  the  contact 
is  on  a  surftice  of  one  fortieth  of  an  inch  square,  being  in  the 
mid  breadth  of  the  rod.  Now  if  ?r,  h,  k,  I  are  the  weight, 
breadth,  depth,  and  length,  and  E  the  modulus  of  elasticity  of 
the  rod,  ^In  the  breath  of  each  support,  so  that  /(I  —  ??)  is  the 
distance  between  the  edges  of  the  supports,  then 

where  e  is  the  space  (measured  by  the  micrometer-screw) 
moved  over  by  the  centre  of  the  rod  between  its  position  of 
resting  wholly  on  the  supports  at  the  ends,  and  the  position  of 
beiniT  carried  entirely  by  the  centre  support  and  having  just 
contact  only  with  the  extreme  sup|)orts.  The  three  supports 
were  fixed  in  a  window-sill,  the  greatest  rigidity  being  requi- 
site in  order  to  obtain  trustworthy  results.  The  experiments 
were  -AX  made  at  nearly  the  same  temperature  (65°  Fahrenheit); 
and  great  care  was  taken  to  avoid  change  of  tem{)erature  du- 
ring the  measures.     The  faces  of  the  rods  were  numbered  I., 
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II.,  III.,  IV. ;  and  the  flexure  was  measured  with  each  face  up  ; 
so  that  each  bar  gives  four  values  of  E  :  the  round  rod  was 
also  observed  in  four  positions. 


E  = 


In  the  case  of  this  rod. 


Uirek'' 
where  k  is  its  radius. 

To  combine  the  four  values  of  E  in  each  case,  we  should 
proceed  as  follows  : — if  dw,  dl, ...  be  the  corrections  necessary 
to  the  observed  values  of  these  quantities,  we  must  express  the 
consequent  corrections  to  the  computed  values  of  E.  Let  the 
first  two  (that  is,  the  values  of  E  resulting  from  the  opposite 
faces  I.  and  III.)  be  multiplied  each  by  a  factor  ^(1  +  ^),  and 
the  other  two  by  ^(1  —  ^)  ;  then  it  is  easy  to  express  the  pro- 
bable error  of  the  resulting  value  of  E  in  terms  of  the  probable 
errors  of  the  observations  ;  and  the  value  of  ^  to  be  used  is  that 
which  renders  this  expression  a  minimum.  In  the  present 
case,  however,  the  first  two  rods  are  very  nearly  square  in  sec^ 
tion ;  and  the  third  rod  giving  identical  values  (or  nearly)  for 
E,  the  multipliers  are  immaterial.  We  therefore  take  the 
mean  of  the  four  computed  values  with  a  probable  error 


26 


+  ^d«-  + 


M' 


W  r  k-  4 


Y 


round  rod,  where 


±e{^  +  ^^^4(14)9*= 

for  the  square  rods,  and 

±e| 

for  the 

/-  ~  lAe\  '^  el'^  el'^ 

the  symbol  ^  meaning  probable  error;  ^A  is  taken  to  be  the 
probable  error  of  either  h  or  k  ;  and  the  four  e's  are  assumed  to 
be  determined  with  the  same  accuracy. 

This  last  supposition  is  not,  however,  quite  exact.  In  the 
following  Table  the  values  of  e  are  given  for  each  face  of  each 
rod,  the  probable  error  being  that  resulting  from  the  agreement 
of  the  eight  determinations  made  with  each  face  up. 


^y' 


Eod. 


Face  I.  up. 
Face  III.  up. 


Face  II.  up. 
Face  IV.  up. 


3fo.  1. 


3. 


0-20670+3 
Oi'0716±4 
0-20913  +  1 
0-1^0885  +  4 
0-2ii9lO  +  3 
0-26910+1 
014875+2 
0-14853  +  5 


0-21328+2 
0-21342x2 
0-20831  +2 
0-20803+2 
0-14719  +  1 
0-14715+2 
014882+2 
014912  +  1 
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The  i)rol):i1)l('  errors  licre  refer  to  the  last  fifjure  of  the  pre- 
ceding ilecinial.  An  examination  of  this  Table  shows  that 
there  are,  notwithstanding  the  extreme  care  with  which  the 
oLservations  were  made,  some  unknown  constant  errors  in  ex- 
istence outweighing  the  apparent  prohahle  errors  of  tlu' differ- 
ent measurements,  and  therefore  interfering  with  the  applica- 
tion of  the  theory  given  above,  at  least  for  rods  Nos.  1  and  2. 
I  hope  by  some  future  observations  to  discover  the  source;  of 
the  constant  errors  in  question.  The  following  Table  gives  the 
values  of  E  for  each  rod  expressed  in  millions  of  pounds. 


Rod.           Face  I. 

Face  III. 

Face  II.    1  Face  IV. 

Mean. 

No.   1.     [     16-806 
,.    2.          16  945 
„    3.          16-181 
„    4.          15  083 

16-769 
16992 
16-181 
15-105 

16-737          16-726 
16-937      i     16  960 
16192      1     16196 
16076     ;     15  045 

16759 
16-958 
16  188 
15  077 

While  making  these  experiments  Imet  Avitha  very  elaborate 
work  published  at  St.  Petersburg,  entitled  Hecherches  Expt¥i- 
menfales  sur  V^lasticitt^  des  Me'tanx  faites  a  V ohservatoire  phy- 
siqve  central  cle  Eussie,  par  A.  T.  Kupffer.  Of  brass,  nine  spe- 
cimens were  experimented  on — three  of  cast  brass,  three  of 
plate  brass,  and  three  of  luunmered.  The  experiments  were 
made  : — first,  by  causing  the  rods  to  bend  under  given  weights, 
and  measuring  with  vertical  circles  the  inclinations  of  tlie  ends 
of  the  rods  so  bent  ;  secondly,  by  causing  the  rods  to  vibrate 
transversely  w^hen  fixed  by  one  end  in  a  vertical  position,  the 
other  end  being  weighted,  and  counting  the  vibrations.  The 
results  obtained  by  the  two  methods  agreed  very  satisfactorily. 
Tlie  following  Table  gives  the  moduli  of  elasticity  expressed  in 
millions  of  pounds  for  the  nine  specimens. 


Cast. 


12  262 

11  5;i7 

14540 


Rolled. 


15-338 
16  244 
15884 


Hammered. 


16012 
16  523 
15753 


These  quantities  result  from  a  very  large  number  of  obser- 
vations. 
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XIX.   On  the  Extra  Current.     By  Oliver  Heayiside*. 

LET  a  wire  possessing  uniform  electrical  properties  through- 
out be  of  length  /,  resistance  kl,  electric  capacity"  cl,  and 
let  its  coefficient  of  self-induction  be  si.  Further,  let  P  and  Q 
denote  the  two  ends  of  the  wire,  and  x  the  distance  of  any 
point  from  the  end  P.  Let  v  be  the  electric  potential  at  the 
point  X  at  the  time  t,  and  Q  the  quantity  of  electricity  that  has 

passed  that  point  from  the  time  f=0,  so  that  -j-  is  the  current. 

The  differential  equation  of  the  potential  of  the  ^x\ve  may  be 
found  from  the  following  two  equations  : — 

-d^  =  ''^        •     •     • ^^> 

-d:v=^-dt-^'w ^^^ 

The  first  expresses  the  fact  that  the  quantity  of  electricity 
existing  on  the  surface  of  the  wire  between  sections  at  x  and 
X  +  8x  at  any  moment  is  the  product  of  the  potential  and  the 
capacity  of  the  portion  of  wire  considered.  The  second  ex- 
presses that  the  electromotive  force  at  the  point  x  at  any 
moment  is  the  sum  of  the  electromotive  force  producing  the 

current  -7-  and  the  rate  of  increase  of  the  momentum  of  that 
at 

current.     By  eliminating  Q  we  obtain 
^^r  dv         (Pv 

dP='^'dt-^''de (^> 

If  s  =  {),  the  above  equation  becomes 
d'v  _   J  dv 

d^-'^Tt' 

the  differential  equation  of  the  linear  flow  of  heat,  or  of  elec- 
tricity in  a  submarine  cable,  the  practical  solution  of  which  for 
a  wire  of  finite  length  can  only  be  accomplished  -vWth  the 
assistance  of  Fourier's  theorem.     And  if  k  =  0,  we  have 

<Pv_     ^ 
da?~''de  ' 

which  is  of  the  same  form  as  the  equation  of  motion  of  a  vibra- 
ting wire,  the  solution  also  requiring  the  use  of  Fourier's 
theorem.     It  is  therefore  probable  that  the  same  method  must 

*  Communicated  by  the  Autlior, 
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be  adoj)to(l  to  solve  tlie  equation  under  consideration,  viz. 

Let  the  potential  of  the  wire  at  any  nionicnt  be 

,rsin  iTT.v     ,,  .  , .. 

'•  =  ^eos-r-'^^'>' (^^ 

where /(<)  is  a  function  of  t  only,  and  V  is  constant.     From 
(4)  by  differentiation, 

cPv 
therefore  bv  (•)), 

dt 


d.v  r 


d^v        ,  dv       rir^        ^ 


the  solution  of  which  is 

if  At'ir  ^  <  1,  and 

v  =  e    2a  (A'  cos  +  B'  sin)  ^ ^/  4fV"  |  - 1 

if  4t'7r'*^  >  1.     Here  A,  B,  A'  and  B'  are  constants,  and  a  =  ' 

and  ^=ckP,  both  time-constants.     Tlierefore  if  the  potential 
when  ^  =  0  is 

_  ^j  sin  iir.v 
^'-     cosT' 

the  potential  of  the  wire  at  the  time  t  is 

r  =  \^.^g-T-.e     2;,.  I  A.  €2"  /3+(l_A)e    2a  ^  "},  ^    '^ 

or 

^•  =  ^cosT--^    2a(cos+B'sm)^y^4^V^-_l,     .     .     (6) 

according  as  4i^7r^-5<or>  1.     The  remaining  constants  A  and 

B'  must  be  determined  from  the  value  of  the  current  at  some 

dv 
fixed  time.      Bv  solving  equation  (2),  where j-  is  to  be 

found  from  (5)  and  (6),  we  shall  find 
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■OS  iiTx       -i-r      ^Ae^^x  P 


l-^l-4tV"    -^ 


yS 


C?Q         ^,    _  i  _  YzTT  cos  iTTO.'         _—  /S 


|(l-B'^47V2|  -l)cos  +  (6'+  'y/4zV|  -l^sin  l 

.^V/4.V|-1, 

where  C  is  a  constant  current.      Let  the  initial  current  be  C, 
then 

l+^/l-4.V^^  1 

therefore  the  expressions  for  the  potential  and  current  become 
t_ 
^.^ysin_^_e  _   ^_^^^  .     .     (7) 

cos      i       2m    '•  ^  '         •"  ^  -' 

^r  sin  iTTJ^-      -  —  /  1    .  \  tn/ 

m  =  \J\- 4^■27^2 1,      m'  =  \J ^^li"  |  - 1  : 
and 

or 

f?Q     ri  --_  V/tt    cos  ?'7r.7'    2e~2i     .    ^??i' 


or 

r 
where 
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Ill  the  intermediate  case,  when  msssm'  =  0, 

,r.sin  iirx    -  '-  f .        t  \  ,,,, 

'•=^co.s  r^  "0-^2«) ^^^^ 

and 

dO      f,  _'      V/tt  cos /tt./-      -L    t 

< 

The  current  Ce~«  does  not  influence  the  potential  in  any 

way.     The  above  solutions  suppose  that  the  initial  current  is 

sin  iTTtV 
C,  and  the  initial  potential  r  =  V  '^^^  -j— ,  and  give  the  poten- 

tial  and  current  at  any  time  after.     When  sin  -j—  is  taken,  the 

potential  at  the  ends  of  the  wire  is  always  zero  ;  and  when 

COS  ~j-  is  taken,  the  current  is  always  zero  at  the  ends. 

After  this  preliminary  we  can  pass  to  more  practical  cases. 

In  the  first  place,  let  a  constant  current  jj  be  flowing  through 

the  wire,  caused  by  a  battery  of  negligible  resistance  and  elec- 
tromotive   force    Y ;    and    let    the    potential   of  the  wire  be 

y(i-  "'"Y  so  that  it  is  Y  at  the  end  P  and  0  at  the  end  Q. 

By  Fourier's  theorem. 

/        .rx       2Y^  1   .    iTT.r 

therefore,  if  the  end  P  is  put  to  earth  at  the  time /  =  0,  the  po- 
tential at  the  time  t  is 

2Y^1    .    iir-T      -±     ri  +  m,-      f!!i"      l-?n,-      JJUt  \ 
r  =  —  2  -.  sni  -r-  •  e    ^a  .  ^  — - —  .  e  sa ^ .  e    2a  V 

2Y„  1   .    iTT.r       _L(  1     .   \tm'i  ,,^, 

+  —  St-  sm  -T—  .  e    •■;«  (  cos  +     /  sm  )  -3-^     .       (13) 

IT        I  I  ^  m,       J    'lex.  ^      ^ 


In-  (7)  and  (8),  where  the  first  series  includes  all  integral 
values  of  I  will  eh  make  4r7r^^  — 1  negative,  and  the  second 
series  all  the  rest  up  to  /=x  .     And  by  (9)  nnd  (10), 

7Q_  Y       -'_2Y 


_  t 
(10       Y       -'      '2Y  ^       i-rrx    ^    a    /  ^JUi       _tm^\ 

e      « TT   ^  cos— 7—  • I   e  2a   — 6       .ia    ) 

I  Vli     \  / 

_  J_ 
2V  V.        iirx     2e    -'a       .    f,n' 

77ZCOS-V- ^.sin^-      .     .     (14) 

kl  I  )iti  2a  - 
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expresses  the  current  at  time  t.    If  the  wire  is  originally  every- 
where at  potential  zero  and  without  current,  the  potential  v'  and 

clQ' 
current  -^  at  time  t  after  the  end  P  is  raised  to  potential  Y, 

the  end  Q  being  to  earth,  are 

dt  ~  kl       dt ' 
where  v  and  -y^  ha^e  the  values  given  in  (13)  and  (14). 

■     Suppose  'Itt^  p  >  1,  then  the  first  series  in  (13)  and  (14)  dis- 
appear, and  v,'e  have 

TTd-  /  1     .  \tm'i  ,,  .. 

^(^cos  +  ^^smj^,     .     (10) 


2Y         _A»   1     .      ITT  J 

v=  —  .  e    2a  2,  T  sm 

TT  1    I 


dQ       V      _i      4V      -L^    1         iTTX      .    tm'i         ,,,,^ 

— r-  s=  Yi  •  e    * n  '  ^    ^"^  *^  — 7  cos  —7—  .  sui  -r— .       (lb) 

dt        kl  kl  1   rn'.  I  2a  ^      ^ 

The  extra  current  is  exliibited  in  (Ki)  as  consisting  of  two 
parts.     One,  a  current  77  •  e    ",  uniform  at  all  parts  of  the  wire, 
which  dies  away  Avithout  oscillations  with  a  rapidity  propor- 
tional to  -.     This  current  is  due  entirely  to  the  momentum  of 
a 

the  original  current  , ,.     The  other  part. 

4V      _  A  «      1  iTTd'      .    tm'i 

YY  '  €    2a  2,  •  ^  cos  -7—  .  sm  -Ti— J 

kt  I      m\  L  zoL 

is  due  entirely  to  the  original  charge  of  the  wire,  and  consists 
at  any  point  x  of  an  infinite  series  of  currents  alternately  posi- 
tive and  negative,  which  die  away  with  only  half  the  rapidity. 
These  oscillations  are  of  greatest  intensity  at  the  end  P,  and 

least  at  the  end  Q.     They  are  insensible  both  when  -7^  is  very 

small  and  when  it  is  very  large.  In  the  former  case  only  the 
higher  terms  in  (13)  and  (14)  are  periodic  with  respect  to  the 
time  ;  and  in  the  latter  case  they  become  very  rapid  and  weak 
in  the  same  proportion.  But  Avhen  the  time-constants  a.  and  /S 
are  not  very  different,  the  oscillations  are  of  considerable 
strength,  and  may  become  observable  by  proper  means.     Sup- 
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pose  ^  of  such  magnitude  tluit  A/  4r7r"-      —  1  is  appreciably 

=  2t'7r  v/  ^  ,  then  the  time  of  u  complete  o.scillation,  including 
a  positive  and  a  negative  current  at  any  point,  is  nearly  2  Va/S, 
so  tliat  there  are  a  /  ~  complete  oscillations  in  the  time  2a. 

The  strength  of  these  oscillations  is  proportional  to  a  /^;  so 

that  the  larger  -^   the  weaker  the  oscillations,  they  being  at 

the  same  time  more  rapid  in  the  same  proportion. 
The  time-inteofral  of  the  extra  current  is 


2   \P        I   "^  3/' 


Va      Yd  (X- 
kl 


where  the  tirst  part  is  the  same  at  all  points,  and  is  due  entirely 
to  the  momentum  of  the  initial  current.  The  second  part  is 
the  excess  of  the  positive  OAcr  the  negative  currents  due  to  the 
initial  charge,  and  is  twice  as  great  at  the  end  P  as  at  Q.  This 
is  the  same  when  .s:=U,  or  when  there  is  no  self-induction. 
The  work  done  in  the  wire  bv  the  extra  current  is 

pa-- 

when  -J  is  the  same  at  all  points,  and 

«   0    •    0  ^ 

when  -^  varies  with  .r.     Hence  the  amount  of  work  done  bv 

"'^  ,  ...     h1      /VV 

the  first  part  of  the  current  in  ecjuation  (  U))  is  —  xly.)  ,  and 

Y-cl         .  -      ^^"'^ 

bv  the  second  part  -—. — ,  which   was  the  energy  of  the  initial 


charge  =j\   ^  ^v"  t)  '"^-^ 


As  another  example,  suppose  that  before  the  time  /  =  0  a 

V        .  . 

uniform    current    .j     existed    in    the    wire,    with     potential 

r  =  V  (  1  —  y  ),  and  that  at  the  time  /  =  0  both  ends  of  the  wire 
are  instantaneouslv  and  simultaueouslv  insulated  without  allow- 
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ing  a  spark  to  pass.     Then  we  have  -^  =  0  at  P  and  Q.     Let 

dO  at 

us  first  consider  v  and  -jr  resultmg  from  the  initial  charge, 

supposing  47r"-^>  1.     By  Fourier's  theorem. 


A^      2V»1— cos 


iir        iirx 
-cos-p 


V 

where  -r  is  the  final  potential.    Therefore,  bv  (8),  that  part  of 

the  potential  due  to  the  initial  charge  is 
V      2Y  _1^  1  — 


2  TT- 


55  1— cos/tt  lirx  {  1     ,   \tm'i    ,,_, 

and  by  (10)  that  part  of  the  current  due  to  the  initial  charge 

is 

2V    _i-^  1 — cos  ITT     .    iTTx      2       .    t)n\  ,^_, 

— T-,e   2ai; , ^sm—j—-—y-.sm^r—.       .     (18) 

TTkl  1  I  (       7n'.  2u  ^     ' 

To  find  the  potential  and  current  due  to  the  initial  current, 
we  have 

V      2V  ^  1  —  cos  i'K  .    vKx . 
77  =  ~ry  ^ '• ^^^  ~i~' 

kl       TTkl    I  I  I 

therefore 

dQ      2V       _A«1— cosiV  .    jTT.i-  ,.  _    .    jm'i 


and 

V 


,,,   ,    2V  ^  1  —  cos  tTT         ITTJC    _  1  /  A,-  B,-    . 

=  V  '  H 2  ^ -1 COS  ~^~-  e    2a  (  _i  cos  +  —  sni 

IT     I  I  I  \  z  2 

im^i  .   \  tm'i 


B,m',-  A,/??'- 

+  -^cos 


where  V,  A,-,  and  Bt  are  constants.     The  conditions  to  deter- 
mine them  are  that  r  =  0  when  ^  =  0  and  when  t  =  y:  .     Also 

^  =  7^  when  ^  =  0.     Therefore 
at       kl 

V'  =  0,     A.=  l,  and  Bi=--^. 

Thus 

dQ  _  2  V       _  -i  *  1  —  cos  iir  ._  iirx 

It  ~  ttE'  ^ 


A  *  1  —  cos  ITT  .    Iirx    [  1     .   \  tm'i 

-2 -. sm-p.(^cos-^^sm)^,  (19) 

a.      _  _L  „  1  —  cos  ITT        iirx      .    tm'i 
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The  actual  potential  is  the  sum  of  (17)  and  (20),  and  the  actual 

current  the  sum  of  (18)  and  (10)-    When  3  is  large  the  initial 

charge  may  be  neglected  altogether.  Considering  only  the 
potential  and  current  due  to  the  initial  current,  we  find  that 
the  current  in  the  wire  C(msists  of  a  series  of  decreasing  waves 
in  opposite  directions,  causing  corresponding  changes  in  the 
potential  of  the  wire.     At  the  first  moment  after  disconnexion 

the  potential  of  the  end  Q  becomes  positive  =Y  \/  -  nearly, 

and  the  end  P  negative  to  an  equal  extent.  Provided  this  elec- 
tromotive force  suddenly  developed  is  not  sufftciently  great  to 
cause  a  spark,  this  state  of  things  is  rapidly  reversed,  the  end  P 
becoming  positive  and  the  end  Q  negative,  which  is  followed 
by  another  reversal,  and  so  on  till  the  energy  of  the  initial 
current  is  all  used  up  against  the  resistance  of  the  wire. 

It  is  obvious  that  the  simplicity  (?)  of  the  above  formula? 
must  be  considerably  departed  from  in  all  practical  cases  that 
occur,  as  in  the  above  c  and  *•  are  assumed  to  be  the  same  for 
every  unit  of  length  of  the  wire,  which  cannot  be  true,  except 
perhaps  in  a  coiled  submarine  cable.  But  we  may  be  sure 
that,  in  -s-irtue  of  that  property  of  the  electric  current  which 
Professor  ]\[axwell  terms  its  ''  electromagnetic  momentum," 
whenever  any  sudden  change  of  current  or  of  charge  takes 
place  in  a  circuit  possessing  an  apprecialjle  amount  of  self- 
induction,  the  new  state  of  equilibrium  is  arrived  at  through  a 
series  of  oscillations  in  the  strength  of  the  current  which  may 
be  noticeable  under  certain  circumstances.  It  is  naturally  diffi- 
cult to  observe  such  oscillations  with  a  galvanometer ;  but  some 
telegraph-instruments  sho■^^■  them  very  distinctly.  For  instance, 
there  is  Wheatstone's  "  alphabetical  indicator.""  The  pointer 
of  this  instrument  is  moved  one  letter  forward  round  a  dial  by 
every  current  passing  through  it,  provided  the  currents  are 
alternately  positive  and  negative.  Xow  if  an  insulated  straight 
wire  a  few  miles  in  length  is  suddenly  raised  to  a  high  poten- 
tial by  means  of  a  single  current  of  very  short  duration  from 
a  magneto-electric  machine,  and  then  inunediately  discharged 
to  earth  through  the  coils  of  an  '*  indicator,"  the  pointer  does 
not  merely  move  one  step  forward,  as  it  would  if  the  discharge 
consisted  of  a  single  current,  but  several  steps,  indicating  a 
succession  of  reverse  currents.  The  same  thing  occurs  when 
a  condenser  of  small  capacity  is  tirst  charged  to  a  high  poten- 
tial and  then  discharged  through  the  instrument.  Expressed 
in  popular  language,  what  happens  is  as  follows.  The  first 
discharge-current  is  first  retarded  by  the  self-induction  of  the 
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coils,  and  then,  acquiring  momentum,  carries  to  earth  a  greater 
quantity  of  electricity  than  the  line  or  condenser  originally 
contained,  thus  reversing  the  potential  of  the  line.  Hence  a 
reverse  current  follows  to  restore  the  equilibrium,  which  in  its 
turn  carries  to  the  line  more  than  enough  electricity  to  supply 
the  deficiency  ;  hence  another  current  from  line  to  earth  ;  and 
so  on,  till  the  currents  are  too  weak  to  produce  any  observable 
effect. 

By  supposing  that  the  current  at  any  moment  is  of  the  same 
strength  in  all  parts  of  the  coil,  the  theory  of  these  alternating 
currents  when  a  charged  condenser  is  discharged  through  the 
coil  is  much  simplified.  Let  Qo  be  the  initial  charge  and  V 
the  initial  potential  of  the  condenser,  whose  capacity  is  c  ;  and 
let  R  be  the  resistance  and  L  the  coeflicient  of  self-induction 
of  the  coil.  Then,  if  Q  is  the  charge  and  v  the  potential  of  the 
condenser  at  the  time  t,  the  current  in  the  coil  is 

dQ  _       dv 
~dt~~^di' 

and 

since  v  is  the  difference  of  potential  between  the  ends  of  the 
coil.     Therefore 

T  d'v       T,  dv  „ 

'^W^+'^di-^'^^^ 

the  solution  of  which  satisfying  the  condition.?  v  =  Y  when 
<  =  0(and  ^  =  0  when  t  =  0)  is 

Ve     2a 


or 


=  V6~2l('cos  + ,  sinj^AAg  -1, 


0 
according  as  1  —  4  -^  is  +  or  — .     And  the  current  in  the  coil  is 

dt      R 


\/l-4l 


(fy'-'i-ri-y'-'-fx 
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or 

dQ_2Y         e~^ 
dt 


/3 

where  «=  t>  '"^^  /9=fl{.     In  the  first  case,  when  1  >4^,  the 

potential  and  current  are  never  reversed  ;  l)ut  in   the  second 

case,  when  4  H  >  1 ,  they  are  reversed  an  infinite  number  of 

times,  the  successive  charges  of  the  condenser  decreasing  in 
geometrical  proportion.     The  current  changes  sign  when  t  is 

any  multiple  of  — . —        ,  and  has  its  maxima  or  minima 

\/4|-l 

values  when 


t        /'a      ,       1      //3 

.'OS  ;t-  \  /   4 1  =  -  A   /   — . 

2«  V      /3  2V    a 


/3 
The  quantity  Q'  of  electricity  conveyed  in  the  first  current 


IS 


\/4^_, 


Q'  =  Q,(l+e  V4|_r), 
where  Qo  is  the  initial  charge  of  the  condenser.  As  ^  is  in- 
creased Q'  approaches  2Qq  as  its  limit ;  {.  e.  when  the  resist- 
ance of  the  coil  is  reduced,  or  its  magnetic  capacity  increased, 
the  quantity  of  electricity  conveyed  by  any  current  increases 
till  it  is  nearly  double  the  charge  of  the  condenser  at  the  com- 
mencement of  that  current,  and  the  oscillations  are  more  slowly 
diminished.  Tlie  amount  of  energy  expended  by  the  first  cur- 
rent is 

where  -^  is  the  energy  of  the  original  charge  Qo,  which  be- 

a. 

comes  indefinitely  small  as  ^  increases.     The  integral  current, 
irrespective  of  sign,  is 


\/4  "- 


which  increases  indefinitely  with  g.      From  the  number  of 
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oscillations  in  a  given  time,  L  may  be  determined  in  terms  of 
R  and  c  ;  for  if  the  current  is  reversed  n  times  per  second, 
then 

L  =  3— ^(1+  v/l-c-R-7iVM. 

lot  ir  ^  ' 

Electrical  vibrations  due  to  induction  occur  under  various 
circumstances.  For  example,  the  "  talse  discharge  "  from  a 
submarine  cable  ;  the  oscillatory  phenomena  described  by  M. 
Blaserna  and  others;  and  Mr.  Edison's  "  setheric-force  "  ex- 
periments. 

XX.  Proceedings  of  Learned  Societies. 
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Feb.  10, 1876.— Dr.  J.  Dalton  Hooker,  C.B.,  President,  iu  the  Chair. 

'T'HE  following  papers  were  read  : — 

"  On  Eepulsion  resulting  from  Radiation." — Part  III.     By 
Wilham  Crookes.  F.E.S.  &c. 

This  paper  contains  an  account  of  experiments  on  the  action  of 
radiation  on  bodies  the  surfaces  of  which  have  their  radiating  and 
absorbing  powers  modified  bv  various  coatings.  The  difference 
between  a  white  and  a  lampblacked  surface  in  this  respect  was  at 
first  not  very  decided ;  and  experiments  have  been  instituted  with 
the  object  of  clearing  up  some  anomalies  observed  in  the  actions. 
Two  pith  disks,  one  white  and  the  other  black,  were  suspended  on 
a  light  arm  in  a  glass  bulb  by  means  of  a  fine  sdk  fibre ;  after 
perfect  exhaustion  the  white  and  black  disks  were  found  to  be 
equally  repelled  by  heat  of  low  intensity,  such  as  from  the  fingers, 
warm  water,  &c.  A  copper  ball  was  then  tried  at  gradually  in- 
creasing temperatures.  l"p  to  2.50°  C.  it  repelled  both  equally, 
above  that  the  black  was  more  repelled  than  the  white,  and  at  a  full 
red  heat  the  repulsion  of  the  black  disk  was  very  energetic.  A 
lighted  candle  acts  with  more  energy  than  the  red-hot  copper. 

The  presence  of  even  a  small  quantity  of  aqueous  vapour  in 
the  exhausted  apparatus  almost,  if  not  quite,  neutralizes  the  more 
energetic  action  which  luminous  rays  appear  to  exert  on  a  blackened 
surface. 

After  describing  several  different  modifications  and  some  new 
forms  of  apparatus  demised  to  facilitate  experiment,  the  author  gives 
a  drawing  of  an  iustrument  which  enables  him  to  get  quantitative 
measmements  of  the  amount  of  incident  light  falling  on  it.  It 
consists  of  a  flat  bar  of  pith,  half  black  and  half  white,  sus- 
pended horizontally  in  a  bulb  by  means  of  a  long  silk  fibre.  A 
small  magnet  and  reflecting-mirror  are  fastened  to  the  pit :  hand 
a  controlling  magnet  is  fastened  outside  so  that  it  can  shde  up 
and  down  the  tube,  and  thus  increase  or  diminish  sensitiveness. 
The  whole  is   completelv  exhausted,  and  then  enclosed  iia  a  box 
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lined  with  black  velvet,  with  apertures  for  the  rays  of  light  to  paes 
in  and  out.  A  ray  of  light  reflected  from  the  mirror  on  to  a 
graduated  scale,  shows  the  movements  of  the  pith  bar.  The  de- 
grees of  deflection  produced  t»y  the  light  of  a  caudle  at  distances 
from  6  feet  to  35  feet  are  given. 

The  experimental  observations  and  the  numbers  which  are 
required  by  the  theoretical  diminution  of  light  with  the  square 
of  the  distance  are  sufliciently  close,  as  the  following  figures 
show  : —  0 

Candle    6  feet  off  gives  a  deflection  of  218 
,,      12  „  „  54 

»      18  „  „  24-5 

„      24  „  „  13 

„      10  „  „  77 

»      20  „  „  19 

„      30  „  „  &b 

The  effect  of  two  candles  side  by  side  is  practically  double, 
and  of  three  caudles  three  times  that  of  one  candle. 

The  action  of  various  solid  and  liquid  screens  is  next  given, 
A  candle  3  feet  off,  giving  a  deflection  of  180°,  has  its  action 
reduced  to  the  following  amounts  by  ^ 

TeUow  glass    161 

Blue         „   102 

Green      ,,   101 

Red         „    128 

Water 47 

Alum    27 

A  caudle  on  each  side  of  the  apparatus,  and  equidistant  from  it, 
keeps  the  index  ray  of  light  at  zero  ;  by  shading  off  either  one  or 
the  other  the  light  flies  off  to  either  extremity  of  the  scale.  This 
gives  a  ready  means  of  balancing  two  sources  of  light  one  against 
the  other.  Thus,  retaining  the  standard  candle  48  inches  off  on 
the  left  of  the  bar,  the  index  was  brought  to  zero  by  placing  on 
the  right 

2  caudles    67  inches  off, 

1  candle  behind  solution  of  sulphate  of  copper  6         „ 

,,         „         alum  plate    14         „ 

A  small  gas-burner   113         „ 

These  experiments  show  how  conveniently  and  accurately  this 
instrument  cau  be  used  as  a  photometer.  By  balancing  a  standard 
candle  on  one  side  against  any  source  of  light  on  the  other,  the 
value  of  the  latter  in  terms  of  a  candle  is  readily  shown ;  thus  in 
the  last  experiment  the  standard  caudle  48  inches  off  \\as  balanced 
by  a  gas-flame  113  inches  off.  The  lights  were  therefore  in  the 
proportion  of  48*  to  113^  or  as  1  to  5|.  The  gas-burner  was 
therefore  equal  to  5|  candles. 

By  interposing  screens  of  water  or  plates  of  alum,  and  so  prac- 
tically cutting  off  all  the  dark  heat,  the  actual  luminosity  is  measured. 
In  addition  to  this,  by  interposing  coloured  glasses  or  solutions,  any 
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desired  colours  can  be  measured  either  against  the  total  radiation 
from  a  candle,  its  luminous  rays,  or  any  desired  colour.  One 
coloured  ray  can  be  balanced  against  another  coloured  ray  by  having 
differently  coloured  screens  on  either  side. 

The  variations  in  the  luminosity  of  a  "  standard "  candle  will 
cease  to  be  of  importance.  Any  candle  may  be  taken  ;  and  if  it  be 
placed  at  such  a  distance  from  the  apparatus  that  it  will  give  a 
uniform  deflection,  say  of  100  di^-isions,  the  standard  can  be  repro- 
duced at  any  subsequent  time  ;  and  the  burning  of  the  candle  may 
be  tested  during  the  photometric  experiments  by  taking  the  deflection 
it  causes  from  time  to  time,  and  altering  its  distance,  if  needed,  to 
keep  the  defl.ection  at  100  divisions. 

If  the  pith  bar  in  this  instrument  be  blacked  on  alternate  halves, 
an  impetus  given  by  a  ray  of  hght  always  acts  in  the  same 
direction  of  movement.  A  candle  causes  it  to  spin  round  very 
rapidly  until  the  suspending  fibre  is  twisted  up,  and  the  rotation  is 
stopped  by  the  accumulated  torsion. 

By  arranging  the  apparatus  so  that  the  black  and  white  surfaces 
are  suspended  on  a  pivot  instead  of  by  a  silk  fibre,  the  interfering 
action  of  torsion  is  removed,  and  the  iustrument  will  rotate  con- 
tinuously under  the  influence  of  radiation.  To  this  instrument 
the  author  has  given  the  name  of  the  "  Radiometer,"'  or  '•  Light- 
]\Iill."  It  consists  of  four  arms  of  very  fine  glass,  supported  in 
the  centre  by  a  needle-point,  and  having  at  the  extremities  thin 
disks  of  pith  lampblacked  on  one  side,  the  black  surfaces  all  facing 
the  same  way.  The  needle  stands  in  a  glass  cup ;  and  the  arms 
and  disks  are  delicately  balanced,  so  as  to  revolve  v^ith  the  slightest 
impetus. 

In  the  'Proceedings  of  the  Eoyal  Society"  for  1875  (vol.  xxiii. 
p.  373),  the  author  gave  a  brief  account  of  some  of  the  earlier 
experiments  with  these  instruments.  In  the  present  paper  he 
enters  very  fully  mto  the  various  phenomena  presented  by  them, 
and  gives  Tables  showing  the  number  of  revolutions  made  by  the 
radiometer  when  exposed  to  a  constant  source  of  light  removed 
different  distances  from  the  instrument.  The  law  is  that  the 
rapidity  of  revolution  is  inversely  as  the  square  of  the  distance 
between  the  light  and  the  instrument. 

When  exposed  to  different  numbers  of  candles  at  the  same 
distance  off,  the  number  of  revolutions  in  a  given  time  is  in 
proportion  to  the  number  of  candles,  two  candles  giving  twice  the 
rapidity  of  one  candle,  and  three  giving  three  times,  &c. 

The  position  of  the  light  in  the  horizontal  plane  of  the  instru- 
ment is  of  no  consequence,  provided  the  distance  is  not  altered ; 
thus  two  candles  one  foot  off  give  the  same  number  of  revolutions 
per  second,  whether  they  are  side  by  side  or  opposite  to  each  other. 
From  this  it  follows  that  if  the  radiometer  is  brought  into  a  uni- 
formly lighted  space  it  will  continue  to  revolve.  This  is  proved 
to  be  the  case  by  experiment. 

The  speed  with  which  a  sensitive  radiometer  will  revolve  in  full 
sunshine  is  almost  incredible  ;  nothing  is  apparent  but  an  unde- 
fined  nebulous   ring,   which   becomes    at  times   almost  invisible*. 

L2 
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The  number  of  revolutions  per  second  cannot  be  counted :  but  it 
must  be  several  hundreds ;  for  one  candle  will  make  the  arms  spin 
round  forty  times  a  second. 

The  action  of  dark  heat  (?.  e.  from  boiling  water)  is  to  repel 
each  surface  equally,  and  the  movement  of  the  radiometer  is  there- 
fore arrested  if  a  tlask  of  boiling  water  is  brought  near  it.  The 
same  effect  is  produced  by  ice. 

From  some  observations  made  by  the  author,  it  appears  pro- 
bable that  heat  of  a  still  lower  refrangibility  repels  the  white  more 
than  it  does  the  black  surface.  Many  instances  are  given  of  the 
radiometer  revolving  the  reverse  way.  Thus  breathing  gently  on 
the  instrument  will  generally  cause  this  elfect  to  be  produced. 

An  experiment  is  described  wiih  a  radiometer  the  monng  parts 
of  which  are  of  aluminium  blacked  on  one  side.  When  exposed 
to  the  radiation  from  a  candle  the  arms  revolve  the  normal  way. 
On  removing  the  candle  they  rcAolve  the  reverse  way.  Heated 
with  a  Bunsen  burner  the  arms  revohe  the  normal  way  as  they  are 
getting  hot ;  but  as  soon  as  the  source  of  heat  is  removed  and 
cooling  commences,  rotation  sets  up  in  the  reverse  way,  and  con- 
tinues with  great  energy  till  the  whole  is  cold.  The  reverse 
movement  during  the  cooling  is  apparently  equal  in  energy  to 
the  normal  movement  as  it  is  being  heated. 

It  is  easy  to  get  rotation  in  a  radiometer  withoiit  having  the 
surfaces  of  the  disks  differently  coloured.  An  experiment  is 
described  with  one  having  the  pith  disks  blacked  on  both  sides. 
On  bringing  a  candle  near  it,  and  shading  the  light  from  one  side, 
rapid  rotation  is  produced,  which  is  at  once  altered  in  direction  by 
moving  the  shade  to  the  other  side. 

The  author  describes  many  forms  of  radiometer,  by  means  of 
which  the  movements  can  be  exhibited  to  a  large  audience,  or  can 
be  made  to  record  themselves  telegraphically  on  a  self-recording 
instrument. 

"  On  Expulsion  resulting  from  Eadiation.'' — Part  IV.  By 
William  Crookes,  F.R.S.  &c. 

in  this  paper  the  author  describes  experiments  on  the  repulsion 
produced  by  the  different  rays  of  the  solar  spectrimi.  The  ap- 
paratus employed  is  the  horizontal  beam  suspended  by  a  glass  fibre 
and  ha'S'ing  square  pieces  of  pith  at  each  end  coated  with  lamp- 
black. The  whole  is  fitted  up  and  hermetically  sealed  in  glass, 
and  connected  with  an  improved  mercury  pump.  In  front  of  the 
square  of  pith  at  one  end  a  quartz  m  indow  is  cemented  to  the 
apparatus  ;  and  the  movements  of  the  beam,  \\hen  radiation  falls 
on  the  pith,  are  observed  by  a  reflected  ray  of  light  on  a  millimetre- 
scale.  The  apparatus  was  fitted  up  in  a  room  specially  devoted 
to  it,  and  was  protected  on  all  sides,  except  w  here  the  rays  of  bight 
had  to  pass,  with  cotton-wool  and  large  bottles  of  water.  A 
heliostat  reflected  in  a  constant  direction  a  beam  of  sunlight,  which 
was  received  on  an  appropriate  arrangement  of  slit,  lenses,  and 
prisms  for  projecting  a  pure  spectrum.  Eesulrs  were  obtained  in 
^he  months  of  July,  August,  and  September  ;  and  they  are  given 
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in  the  paper  graphically"  as  a  curve,  the  maximum  being  in  the 
ultra-red,  and  the  minimiun  in  the  ultra-violet.  Taking  the 
maximum  at  100,  the  following  are  the  mechanical  values  of  the 
different  colours  of  the  spectrum  : — 

Ultra-red 100 

Extreme  red 85 

Eed 73 

Orange QQ 

Yellow 57 

Green    41 

Blue 22 

Indigo Sg 

Violet    6 

Ultra-violet 5 

A  comparison  of  these  figures  -nith  those  usually  given  in  text- 
books to  represent  the  distribution  of  heat  in  the  spectrum  is  a 
sufficient  proof  that  the  mechanical  action  of  radiation  is  as  much 
a  function  of  the  luminous  rays  as  it  is  of  the  dark  heat-rays. 

The  author  discusses  the  question,  "  Is  the  effect  due  to  heat 
or  to  light  ?"  There  is  no  real  difference  between  heat  and  light ; 
all  we  can  take  account  of  is  difference  of  wave-length ;  and  a  ray 
of  a  definite  refrangibility  canjiot  be  spHt  up  into  two  rays,  one 
being  heat  and  one  light.  Take,  for  instance,  a  ray  of  definite 
refrangibility  in  the  red.  Falliug  on  a  thermometer  it  shows  the 
action  of  heat ;  on  a  thermopile  it  produces  an  electric  current ;  to 
the  eye  it  appears  as  Kght  and  colour  ;  on  a  photographic  plate  it 
causes  chemical  action ;  and  on  the  suspended  pith  it  causes 
motion.  But  all  these  actions  are  inseparable  attributes  of  the 
ray  of  that  particular  wave-length,  and  are  not  evidence  of  separate 
identities. 

The  author  enters  into  some  theoretical  explanations  of  the 
action  of  the  different  parts  of  the  spectrmn ;  but  these  cannot  well 
be  given  in  abstract. 

An  experiment  is  described  by  which  sunhght  was  filtered  through 
alum,  glass,  and  water  screens,  so  as  to  cut  off  the  whole  of  the 
ultra-red  or  dark-heat  rays.  The  ray  of  Ught  which  was  thus 
freed  from  dark  heat  was  allowed  to  fall  on  the  pith  surface  of  the 
torsion-apparatus,  when  it  produced  a  deflection  of  105°.  On  in- 
terposing a  solution  of  iodine  in  disulphide  of  carbon  the  deflection 
fell  to  2°,  showing  that  the  previous  action  was  almost  entirely 
due  to  light.  With  a  caudle  tried  under  the  same  circumstances, 
the  light  filtered  from  dark  heat  produced  a  deflection  of  37°, 
which  was  reduced  to  5°  by  inter|)osing  the  opaque  solution  of 
iodine. 

In  order  to  obtain  comparative  results  among  disks  of  pith 
coated  with  lampblack  and  with  other  substances,  a  torsion-appara- 
tus was  constructed  in  which  two  or  more  disks  could  be  exposed 
one  after  the  other  to  a  standard  light.  One  disk  always  being 
lampblacked  pith,  the  other  disks  could  be  changed  so  as  to  get 
comparisons  of  action.     If  the  action  of  radiation  from  a  candle 
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on  the  lampblacked  disk  be  taken  as  100,  the  follo\\nng  are  the 
proportions  obtained  : — 

On  Lampblacked  pith 100 

Iodide  of  palladium 87'3 

Precipitated  silver     56 

Amorphous  phosphorus    40 

Sulphate  of  barvta    37 

Milk  of  sulphur     31 

E<?d  oxide  of  iron 28 

Scarlet  iodide  of  mercury  and  copper     22 

Lampblacked  silver 18 

White  pith     18 

Carbonate  of  lead 13 

Kock-salt 6-5 

Glass 6-5 

Tn  consequence  of  some  experiments  tried  by  Profs.  Tail  and 
Dewar,  and  published  in  '  Xature,'  July  15,  1875,  the  author  fitted 
up  a  very  sensitive  apparatus  for  the  purpose  of  carefully  examin- 
ing the  action  of  racUation  on  alum,  rock-salt,  and  glass.  The 
source  of  radiation  was  a  candle.  Perfectly  transparent  and 
highly  polished  plates  of  the  same  size  were  used ;  and  the  de- 
flection was  made  evident  by  an  index  ray  of  light.  Taking  the 
action  on  the  alum  at  100,  that  on  the  rock-salt  in  five  successive 
experiments  was  81,  77*3,  71,  02-5,  60--4.  This  increasing  action 
on  the  alum  was  found  to  be  caused  by  efflorescence,  which  tcok 
place  rapidly  in  the  vacuum,  and  rendered  the  crystal  partially 
opaque.  A  fresh  alum  plate  being  taken,  this  and  the  rock-salt 
were  coated  with  lampblack  and  replaced  in  the  apparatus,  the 
black  side  away  from  the  source  of  radiation,  so  that  the  radiation 
would  pass  through  the  crystal  before  reaching  the  lampblack. 
The  action  of  radiation  was  in  the  proportion  of  blacked  alum 
100  to  blacked  rock-salt  73. 

Eock-salt  and  glass  were  next  tested  against  each  other  in  vacuo 
in  a  torsion-balance.  Professors  Dewar  and  Tait  say  that  rock-salt 
is  inactive  when  the  beam  from  a  candle  is  thrown  on  it,  while  a 
glass  disk  is  active.  The  author  has  failed  to  corroborate  these 
results  ;  he  found  the  mean  of  several  concordant  observations  to 
be — rock-salt  39,  glass  40. 

The  Meastirement  of  the  Force. 
The  author  describes  a  torsion-balance  in  which  he  is  enabled  to 
weigh  the  force  of  radiation  from  a  caudle,  and  give  it  in  decimals 
of  a  grain.  The  principle  of  the  instrument  is  that  of  W.  Bitchie's 
torsion-balance,  described  in  the  Philosophical  Transactions  for 
1830.  The  construction  is  somewhat  complicated,  and  cannot  be 
well  described  without  reference  to  the  diagrams  which  accompany 
the  original  paper.  A  light  beam,  having  two  square  inches  of 
pith  at  one  end,  is  balanced  on  a  very  fine  fibre  of  glass  stretched 
horizontally  in  a  tube,  one  end  of  the  fibre  being  connected  with  a 
torsion-handle  passing  through  the  tube,  and  indicating  angular 
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movements  on  a  graduated  circle.  The  beam  is  cemented  to  the 
torsion-fibre,  and  the  whole  is  enclosed  in  glass  and  connected  with 
the  mercuiy  pump  and  exhausted  as  perfectly  as  possible.  A 
weight  of  0*01  grain  is  so  arranged  that  it  can  be  placed  on  the 
pith  or  removed  from  it  at  pleasure.  A  ray  of  light  from  a  lamp 
reflected  from  a  mirror  in  the  centre  of  the  beam  to  a  millimetre- 
scale  4  feet  off  shows  the  slightest  movement.  When  the  reflected 
ray  points  to  zero,  a  turn  of  the  torsion-handle  in  one  or  the  other 
direction  will  raise  or  depress  the  pith  end  of  the  beam,  and  thus 
cause  the  index  ray  to  travel  along  the  scale  to  the  right  or  to  the 
left.  If  a  small  weight  is  placed  on  one  end  so  as  to  depress  it, 
and  the  torsion -handle  is  then  turned,  the  tendency  of  the  glass 
fibre  to  unt-nist  itself  will  ultimately  balance  the  downward  pres- 
sure of  the  weight,  and  -^-ill  again  bring  the  index  ray  to  zero. 
It  was  found  that  when  the  weight  of  the  y^  of  a  grain  was  placed 
on  the  pith  surface,  the  torsion-handle  had  to  be  turned  27  revo- 
lutions and  3-53°,  or  10073°  before  the  beam  became  horizontal. 
The  downward  pressure  of  the  y^^  of  a  grain  was  therefore 
equivalent  to  the  force  of  torsion  of  the  glass  thread  when  twisted 
thi-ough  10073°. 

The  author  next  ascertained  what  was  the  smallest  amount  of 
weight  which  the  balance  would  indicate.  He  found  that  1°  of 
torsion  gave  a  very  decided  movement  of  the  index  ray  of  light,  a 
torsion  of  10073°  balancing  the  y^  of  a  grain,  while  10074° 
overbalanced  it.  The  balance  will  therefore  turn  to  ^  ^^  of 
a  grain. 

Divide  a  grain  weight  into  a  milKon  parts,  place  one  of  them  on 
the  pan  of  the  balance,  and  the  beam  ^^•ill  be  instantly  depressed. 

Weighed  in  this  balance  the  mechanical  force  of  a  candle  12 
inches  off  was  found  to  be  0-000444  grain ;  of  a  candle  6  inches  off 
0-001772  grain.  At  half  the  distance  the  weight  of  radiation 
should  be  four  times,  or  0-001776  grain ;  the  difference  between 
theory  and  experiment  being  only  four  milKonths  of  a  grain  is  a 
sufficient  proof  that  the  indications  of  this  instrument,  like  those 
of  the  apparatus  previously  described  by  the  author,  follow  rigidly 
the  law  of  inverse  squares.  An  examination  of  the  differences 
between  the  separate  observations  and  the  mean  shows  that  the 
author's  estimate  of  the  sensitiveness  of  his  balance  is  not  excessive, 
and  that  in  practice  it  \\\l\  safely  indicate  the  millionth  of  a  gxain. 

One  observation  of  the  \^eight  of  sunlight  is  given ;  it  was 
taken  on  December  13 ;  but  the  sun  was  so  obscm-ed  by  thin  clouds 
and  haze  that  it  was  only  equal  to  10-2  candles  6  inches  off. 
Calculating  from  this  datum,  it  is  seen  that  the  pressure  of  sun- 
shine is  2-3  tons  per  square  mile. 

The  author  promises  further  observations  with  this  instrument, 
not  only  in  photometry  and  in  the  repulsion  caused  by  radiation, 
but  in  other  branches  of  science  in  which  the  possession  of  a  balance 
of  such  incredible  delicacy  is  likely  to  furnish  valuable  results. 
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June  7,  187G.— Prof.P,  Martin  Duncan,  M.B.,  F.R.S.,  President, 

in  the  Chair. 
The  following  communications  were  read  :  — 

1.  "  On  the  British  FossU.  Cretaceous  Birds."  By  Harry  Govier 
Seeley,  Esq.,  F.L.S.,  F.G.S.,  Professor  of  Physical  Geography  in 
Bedford  College,  London. 

2.  '*  On  two  ChimiEroid  Jaws  from  the  Lower  Greensaud  of  Xew 
Zealand."  By  E.  T.  Xewton,  Esq.,  F.G.S.,  of  H.  M.  Geological 
Survey. 

3.  "  On  a  Bone-bed  in  the  Lower  Coal-measures,  with  an  enume- 
ration of  the  Fish-remains  of  which  it  is  principally  composed."  By 
J.  \L  Davis,  Esq.,  F.L.S.,  F.G.S. 

4.  "  Xote  on  a  species  of  Foramiuifcra  from  the  Carboniferous 
formation  of  Sumatra."     By  M.  Jules  Huguenin. 

5.  "  Ou  the  Triassic  Rocks  of  Somerset  and  Devon."  By  W.  A.  E. 
Ussher,  Esq.,  F.G.S. 

The  author  stated  that  the  Trias  of  Devon  and  Somerset  was 
dirisible  into  three  groups,  occupying  distinct  areas. 

The  first  lies  north  of  the  Mcndip  HQIs,  where  the  Trias  is 
thinnest  and  assumes  its  simplest  characters,  consisting  of  marls  and 
Dolomitic  conglomerate,  the  former  predominating,  the  latter  not 
only  occurring  as  a  basement  series,  but  in  some  cases  persisting 
continuously  upwards  as  the  marginal  equivalent  of  the  marl,  as 
Rhactic  beds  overlie  both  alike.  South  of  the  Mendips  the  Trias  is 
similarly  constituted,  but  is  of  much  greater  thickness. 

The  second  area  embraces  the  country  south  of  the  Polden  Hills  as 
far  as  a  north  and  south  line  through  Taunton. 

The  chief  portion  of  the  Trias  in  this  area,  as  in  the  northern, 
consists  of  marls  ;  but  unless  the  breccias  ofWembdon,  near  Bridge- 
water,  are  portions  of  a  basement  series,  faulted  up,  but  elsewhere 
concealed,  the  lower  division  consists  of  sandstones  found  resting  on 
the  flanks  of  the  Quantocks,  flanking  outliers  of  the  older  rocks, 
and  here  and  there  faulted  up. 

In  the  lower  parts  of  the  marls  in  the  Yale  of  Taunton  and  other 
places  occasional  beds  of  sandstone  are  found,  which  from  their 
position  may  be  regarded  as  equivalent  to  the  Upper  Keuper  Sand- 
stone of  Professor  HuU.  The  sandstones  of  this  area  differ  from  the 
conglomerates  of  the  ilendip  country  in  occupying  a  definite  subor- 
dinate horizon  to  the  marls,  and  not  dovetaihng  into  them. 

The  third  area,  bounded  on  the  north  by  the  Bristol  Channel,  on 
the  south  by  the  English  Channel,  on  the  east  by  the  Blackdown 
range,  and  on  the  west  by  the  Culm  and  Devonian  highlands, 
presents  the  most  complex  relations  of  the  Trias  in  the  south- 
western counties. 

The  upper  member  of  the  scries,  as  in  the  other  districts,  consists 
of  marls  ;  they  contain  occasionally  thin  beds  of  sandstone  towards 
the  base,  which  may  be  considered,  althongh  apparently  of  local 
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occurrence,  as  Upper  Keuper  Sandstone.  They  are  underlain  by 
sandstones.  In  these  two  ujjper  di-risious  we  have  the  continuation 
of  the  whole  Triassic  series  of  the  second  area,  and  in  the  third 
underlying  division  conglomerate  and  pebble- beds.  From  Watchet 
to  a  point  west  of  Wellington  this  division  is  represented  by  hard 
bedded  conglomerate,  thence  to  the  south  coast  by  sands  with  rounded 
grains  and  pebbles,  at  fii'st  of  quartz  grit  and  slate,  gradually  giving 
place  to  the  large  foreign-derived  quartzites  of  Budleigh  Salterton. 

A  second  series  of  marls  is  found  to  underlie  the  conglomerate  and 
pebble-beds  conformably.  This  attains  as  much  as  500  feet  in 
thickness  near  the  south  coast,  but  in  the  northern  part  of  the 
district  does  not  appear  to  exceed  200  feet. 

The  base  of  the  series  is  composed  of  sandstone,  breccia,  and  occa- 
sionally clays,  occurring  at  different  horizons  in  different  parts  of 
the  area,  and  each  variety  locally  predominant  over  the  others. 

The  clay  beds  appear  to  be  confined  to  the  neighbourhoods  of 
Exeter  and  Crediton.  The  upper  part  of  the  division  south  of 
Bradninoh  seems  to  consist  of  red  sandstones,  the  lowermost  and 
principal  part  of  the  division  consisting  of  breccia.  Xorth  of  Brad- 
ninch  the  sandstone  occupies  the  principal  portion  of  the  division, 
sometimes  apparently  to  the  exclusion  of  the  breccia.  Towards 
Wiveliscombe  the  upper  part  of  the  series  for  from  15  to  30  feet  con- 
sists of  breccia  and  breccia-conglomerate,  the  major  part  consisting  as 
before  of  sandstones.  Xorth  of  Wiveliscombe  breccia  begins  to  pre- 
vail, and  in  the  Stogumber  valley  principally  represents  the  division. 
Owing  to  the  conformity  of  the  various  members  of  this  latter 
group,  they  appear  to  represent  continuous  deposition.  We  might 
fairly  consider  the  upper  marls  and  sandstones  as  representing  the 
Keuper,  as  their  average  thickness  taken  together  can  scarcely  be 
under  1000  feet. 

The  lowermost  sandstone  and  breccia  may  be  taken  as  equivalents 
of  part  of  the  Bunter,  as  they  are  probably  1000  feet  thick  near  the 
south  coast,  and  300  where  least  developed. 

The  representation  of  the  Muschelkalk  would  lie  then  between 
the  conglomerate  and  Lower  Marl  divisions,  and  the  one  rejected  be 
incorporated  with  Keuper  or  Bunter. 


XXI.  Intelligence  and  Miscellaneous  Articles. 

REPORT  ON  SOME  EXPERIMENTS  OF  DR.  E.  ROOT,  OF  BOSTON, 
CONCERNING  THE  PENETRATION  OF  PLATINUM  BY  ELECTRO- 
LYTIC GASES.  BY  DR.  HELMHOLTZ. 
^HE  experiments  which  I  related  to  the  Academy  on  the  21st 
-*-  July,  1873,  had  led  me  to  consider  that,  in  galvanic  polarization, 
portions  of  the  gases,  not  merely  adhering  to  the  surface,  but  also 
penetrating  deeper  into  the  platinum,  must  play  a  part,  of  which 
the  possibility  had  already  been  indicated  by  Grraham's  experiments 
on  palladium  and  platinum.  In  order  to  obtain  a  practical  de- 
monstration of  the  penetration  of  platiaum  by  the  gases  in  galvanic 
polarization,  I  induced  Dr.  Elihu  Koot  to  ascertain,  by  experiments 
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in  the  physioal  laboratory  of  the  Berlin  University,  whether  the 
hydrogen  carried  by  electrolysis  to  one  side  ot"  a  thin  plate  of  pla- 
tinum would  after  a  time  make  itself  perceptible  on  the  opposite 
side,  by  producing  galvanic  polarization  there  also.  These  experi- 
ments have  in  fact  given  the  result  expected. 

To  the  two  opposite  sides  of  a  plate  of  platinum  0-02  millim. 
thick,  and  jjlaced  vertical,  the  even  edges  of  two  glass  vessels,  the 
form  of  which  was  that  of  tubulated  receivers  of  a  retort,  were 
cemented  with  sealing-wax.  One  of  the  openings  of  each 
was  cemented  to  the  above-mentioned  platinum  plate  ;  the  second 
was  directed  upwards.  The  edges  of  the  ])latinum  plate  projected 
on  all  sides  outward  beyond  the  layer  of  the  cement,  so  that  cer- 
tainly no  conducting  bridge  of  fluid  existed  between  one  side  and 
the  other  of  the  platinum.  The  glass  vessels  were  filled  with  dis- 
tilled water  to  which  a  few  drops  of  pure  sulphuric  acid  had  been 
added ;  through  the  upper  openings  of  the  vessels  two  other  pla- 
tinum plates  dipped  into  it.  Previously  to  the  putting-together  of 
the  apparatus  tlie  three  platinum  plates  were  cleaned  by  heating 
and  washing.  lu  order  to  prove  whether  the  platinum  was  per- 
fectly compact,  a  sample  of  the  sheet  platinum  used  was  fused  as  a 
closure  to  the  extremity  of  one  branch  of  a  manometer  exhausted  of 
air ;  it  was  found  that  in  the  course  of  two  months  no  perceptible 
trace  of  air  had  peneti'ated. 

Since  the  travelling  of  gas  in  platinum  can  at  any  rate  only  take 
place  with  extreme  slowness,  and  the  small  quantity  \shich  has  pe- 
netrated to  the  further  surface  can  be  readily  exhausted,  the  entire 
apparatus  was  kept  under  the  exhausted  receiver  of  an  air  pump, 
so  that  only  the  conducting-wires  to  the  three  platinum  plates  ex- 
tended outside.  Further,  it  was  necessary  to  avoid  permitting  a 
depolarizing  current,  even  of  short  duration,  to  be  generated.  On 
this  account,  instead  of  the  galvanometer  an  instrument  had  to  be 
emploved  which  could  indicate  the  existing  difference  of  potential 
without  a  lasting  current.  For  this  purpose  Lippraann's  capillary 
electrometer*  proved  very  suitable.  In  the  obser\ations  the  mi- 
croscope was  kept  directed  to  a  definite  place  in  the  capillary  glass 
tube,  and  the  difference  of  pressure  was  determined  which  was  ne- 
cessary in  order,  on  alternating  connexion  of  the  two  poles  of  the 
electrometer  \\-ith  the  two  platinum  plates,  to  carry  tte  mercury 
thread  in  the  capillary  tube  to  the  same  division-stroke.  In  the 
following  a  positive  pressure-difference  indicates  a  gi-eater  positive 
potential  in  plate  B  than  in  plate  C ;  the  difference  1  coiresponds 
to  that  of  about  ^^  of  a  Daniell  element. 

The  apparatus  having  been  put  together,  the  three  platinum 
plates  were  left  for  18  hours  in  conducting  connexion  with  each 
other  and  with  the  earth,  in  order  to  get  rid  of  the  remains  of  older 
polarizations.  They  were  then  insulated  from  each  other  and  from 
the  earth  ;  and  during  14  days  the  electromotive  force  between  the 
central  one  (B)  and  one  of  the  outer  ones  (C)  was  in\estigated 
daily,  to  ascertain  if  from  other  causes  rapid  variations  of  polari- 

♦  Poggendorff's  Annalen,  vol.  cxlix.  p.  551 
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zation  were  to  be  expected.  The  force  fell,  during  the  first  half  of 
this  time ;  from  4-83  to  0*40,  and  then  gradually  rose  to  1-37,  to 
sink  again  toward  the  close  of  the  period  mentioned ;  but  the  alte- 
rations took  place  slowly  and  \yithout  any  quick  leaps. 

It  now  appeared  that  if  for  only  five  minutes  two  Daniell  ele- 
ments were  closed  between  the  one  outer  plate  A  and  the  middle 
plate  B,  which  carried  hydrogen  to  the  plale  B,  a  change  occurred  in 
the  behariour  of  the  other  side  of  B  toward  the  second  outer  plate  C. 

For  example,  in  a  series  of  experiments,  immediately  before 
closing  the  current  through  A  and  B  the  pressure-difference  bet«-een 
B  and  C  had  been  —  0"6 ;  after  the  current  had  been  passing  for 
five  minutes,  while  plate  C  remained  electrically  insulated,  the  pres- 
sure-difference was  -1-5-2  ;  it  then  rose  in  the  next  three  hours,  the 
plates  being  insulated,  to  17*1 ;  and  18  hours  later  it  was  again  —  3. 

In  other  experiments  the  current  between  A  and  B  was  closed 
during  12  or  18  hours.  The  difference  of  potential  between  B  and 
and  C  was  then  greatest  immediately  after  the  interruption  of  that 
current,  and  gi'adually  diminished  during  the  hours  that  followed. 

When  the  current  between  A  and  B  received  the  opposite  direc- 
tion, so  that  it  urged  oxygen  toward  B,  the  opposite  result  occurred 
on  the  other  side  of  B,  with  the  same  quickness,  and  partly  with 
same,  partly  with  greater  intensity  than  in  the  previous  hydro- 
gen polarization.  Whether  this  difference  in  the  quantity  of 
the  effect  is  or  is  not  conditioned  by  the  antecedent  hydrogen 
polarization  cannot  be  decided  from  the  expei-iments  hitherto  made. 
As  sometimes  the  state  of  the  plates  B  and  C  has  been  equalized 
by  joining  them  to  the  circuit,  a  sensible  quantity  of  hydrogen  may 
then  have  been  also  carried  over  to  C,  and  thence  may  arise  the  more 
powerful  action  of  B,  polarized  with  oxygen.  In  general,  quanti- 
tative determinations  of  the  action  were  frustrated  by  the  circum- 
stance that  the  gas  once  forced  into  the  plate  only  very  slowly 
becomes  equally  diffused  in  its  interior,  and  can  only  be  removed 
again  very  slowly.  Moreover  the  action  is  quite  evident  when  only 
a  single  Daniell  element  between  A  and  B  is  employed  ;  and,  on 
the  other  hand,  the  action  of  two  Bunsen  elements  was  but  a 
trifle  greater  than  that  of  two  Daniells.  The  cause  of  this  maybe, 
that  when  electrolytic  gas-production  commences,  the  escaping 
portions  of  the  gases  withdraw  themselves  from  the  force  which 
presses  them  into  the  platinum  ;  and  hence,  probably,  a  further  re- 
inforcement of  the  electromotive  force  augments  the  decomposition 
of  the  water,  but  the  pressure  of  the  gases  into  the  platinum  is 
increased  very  little  or  not  at  all — as  indeed  it  is  known  that  the 
polarization  of  the  plates,  when  once  it  has  arrived  at  gas-develop- 
ment, can  be  raised  but  little  higher. 

AVhen  plates  B  and  C  were  put  for  a  short  time  in  conducting 
connexion  after  B  had  been  charged  with  gas  from  A,  immediately 
after  interruption  of  the  conduction  the  difference  of  potential  be- 
tween the  two  was  =0,  but  then  rose  again  on  the  same  side  as  it 
had  been  before  the  conducting  connexion,  in  precisely  the  same 
way  as  this  usually  takes  place  when  both  plates  have  been  polarized 
by  an  electric  current  led  directly  through  them. 
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This  reappearance  of  a  previous  polarization  I  have  already  en- 
deavoured to  account  for  by  the  depolarizing  current  only  remo\ing 
the  gases  from  the  most  superficial  layer  of  the  platinum,  new 
supplies  of  gas  pressing  afterwards  from  the  deeper  parts  to  the 
surface.  This  takes  place,  therefore,  in  the  same  manner  when 
the  entire  store  of  gas  is  derived  from  the  other  side. 

Expi^riments  made  by  Dr.  Root,  with  a  suitably  modified  appa- 
ratus, on  the  question  whether  free  hydrogen  in  contact  with  the 
oft"  side  of  B,  while  free  oxygen  was  on  the  off  side  of  C,  would 
penetrate  through  the  plates  and  produce  polarization  on  the  other 
side,  did  not  give  sufficiently  explicit  results.  In  these  cases  even 
the  electrical  force  is  wautiug  which  urges  the  positive  hydrogen 
molecules  into  the  platinum. — Monatshericht  dar  Jcdiiii/Uch  preu- 
ssischen  Akademie  der  Wisseaschaftea  zu  Berlin,  March  1S7G,  pp. 
217-220. 


ON  ROSCOELITE A  V.\:N'ADIL-3I  JIICA.       BY  F.  A.  GENTH. 

1  am  indebted  to  Dr.  James  Blake,  of  San  Francisco,  California, 
for  a  small  quantity  of  the  very  interesting  mineral  which  he  called 
"Eoscoelite"  in  honour  of  Professor  Eoscoe,  whose  important  investi- 
gations have  put  vanadium  in  its  proper  place  among  the  elements. 

Eoscoelite  occurs  in  small  seams,  varying  in  thickness  from  -^^y  to 
A  of  an  inch,  in  a  decomposed  yellowish,  brownish,  or  gi-eenish  rock. 
These  seams  are  made  up  of  small  micaceous  scales,  sometimes  ^  of 
an  inch  in  length,  mostly  smaller,  and  frequently  arranged  in  stel- 
late? or  fan-shaped  groups.  They  show  an  eminent  basal  cleavage. 
Soft.  The  specific  gravity  of  the  purest  scales  (showing  less  than 
one  per  cent,  of  impurities)  was  found  to  be  2-938 ;  another  speci- 
men of  less  purity  gave  2-921.  Lustre  pearly,  inclining  to  subme- 
tallic.  Colour  dark  clove-brown  to  greenish  brown,  sometimes  dark 
brownish  green. 

Before  the  blowpipe  it  fuses  easily  to  a  black  glass,  colouring 
the  flame  slightly  pink.  AVith  salt  of  phosphorus  gives  a  skeleton 
of  silicic  acid,  a  dark  yellow  bead  in  the  oxidizing  flame,  and  an 
emerald-gi'een  bead  in  the  reducing  flame.  Only  slightly  acted 
upon  by  acids,  even  by  boiling  concentrated  sulphuric  acid :  but 
readily  decomposed  by  dilute  sulphuric  acid  when  heated  in  a 
sealed  tube  at  a  temperature  of  about  180°  C,  leaving  the  silicic 
acid  in  the  form  of  white  pearly  scales,  and  yielding  a  deep  bluish- 
green  solution.  With  sodic  carbonate  it  fuses  to  a  whiue  mass. 
The  Eoscoelite  which  I  received  for  investigation  was  so  much 
mixed  with  other  substances,  such  as  gold,  quartz,  a  feldspathic 
mineral,  a  dark  mineral  and  very  minute  quantities  of  one  of  orange 
colour,  that  it  was  impossible  to  select  for  analysis  material  of  per- 
fect piu'ity.  For  this  reason  I  have  delayed  the  publication  of  my 
results,  which  were  obtained  over  one  year  ago,  in  the  hope  of 
being  able  to  repeat  my  analyses  with  better  and  purer  specimens  ; 
but  I  now  give  the  results  of  my  analyses  because  there  is  no  pros- 
pect of  getting  any  more  of  this  mineral,  as  in  a  letter  of  Dr. 
Blake,  dated  San  Francisco,  AprU  5th,  1876,  he  says  that  the  mine 
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in  which  it  occurs  cannot  be  worked  any  further  until  a  tunnel 
has  been  run,  and  that  it  is  quite  uncertain  when  this  will  be  done. 

Although  by  no  means  perfect,  my  results  approach  the  truth 
and  give  a  fair  idea  of  the  composition  of  the  mineral,  even  if  the 
evident  admixture  of  other  minerals,  varjn.ng  in  the  different  sam- 
ples analyzed  from  about  one  to  perhaps  over  twelve  per  cent.,  does 
not  permit  one  to  calculate  the  atomic  ratio  of  the  constituents  and 
establish  the  constitution  of  this  species.  There  is  especially  an 
uncertainty  with  reference  to  the  quantities  of  siUcic  acid,  alumina, 
and  potassa  which  belong  to  the  Eoscoelite,  or  which  may  have  been 
introduced  by  admixtures  of  feldspathic  and  other  minerals,  as  will 
appear  from  the  results  given  below,  which  show  that  the  mineral, 
when  decomposed  with  sulphuric  or  dilute  hydrofluoric  acid,  gene- 
rally gives  only  about  six  per  cent,  of  potassa,  while  fusion  with 
calcic  carbonate  and  ammonic  chloride  yields  from  eight  to  nine  per 
cent.  Some  of  these  uncertainties  could  have  been  removed  if  a 
larger  quantity  of  the  mineral  had  been  at  my  disposal. 

Particular  attention  was  paid  to  the  correct  determination  of  the 
vanadium,  and  the  form  in  which  it  exists  in  the  Eoscoelite. 

The  separation  of  vanadium  is  attended  \^'ith  great  difficulties  ; 
and  I  have  not  found  any  of  the  methods  of  separation  to  give 
fully  reliable  results.  This  is  in  part  owing  to  the  incomplete  pre- 
cipitation of  the  vanadic  acid,  and  in  part  to  the  impossibility  of 
washing  the  precipitates  completely  without  loss  of  vanadium.  It 
was  therefore  always  determined  by  the  only  method  which  I  found 
togivefullyreliable  results— by  titration  with  potassic  permanganate. 

After  the  separation  from  the  other  elements,  the  vanadic  acid 
v>as  reduced  by  hydrosulphuric  acid  into  V^  O^,  which,  after  the  ex- 
cess of  hydrosulphuric  acid  had  been  expelled  by  continued  boiling, 
was  reoxidized  into  V._,  O.  by  permanganate.  I  have  satisfied  my- 
self by  numerous  experiments  that,  no  matter  whether  only  a  very 
minute  quantity  of  svilphuric  acid  is  present,  or  a  very  large  excess, 
the  Yj  O^  is  completely  oxidized  into  V,  O.  by  this  process. 

For  the  determination  of  the  state  of  oxidation  of  the  vanadium 
in  the  Roscoelite,  a  quantity  of  the  mineral  was  dissolved  in  dilute 
sulphuric  acid  in  a  sealed  tube  at  a  temperature  of  about  180°  C, 
and  was  titred  after  cooling;  the  liquid  was  then  reduced  by 
hydrosulphiu'ic  acid ;  and  after  boiling-off  the  excess  of  the  latter,  it 
was  again  titred.  From  the  quantity  of  oxgyen  required  for  oxi- 
dation in  both  cases,  it  was  found  that  vanadium  in  the  mineral  is 
present  as  V^,  0,j=2V2  O3,  Yj  Og. 

The  determinations  of  the  other  elements  were  made  by  the  usual 
methods. 

The  finely  powdered  mineral  was  dried  (unless  otherwise  stated) 
for  two  days  over  sulphuric  acid  ;  and  the  different  samples  gave  the 
follo\^'ing  results  : — 

a  (purest  scales).  The  analysis  was  made  by  dissolving  one 
portion  in  sulphui'ic  acid  and  determining  in  this  the  quantity  and 
state  of  oxidation  of  the  vanadium,  the  silicic  acid,  and  insoluble 
impurities.  The  latter  were  left  behind  in  dissolving  the  silicic 
acid  in  sodic  carbonate  and  gave  0'85  per  cent. ;  a  second  portion 
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was  decomposed  by  sodic  carbonate  and  nitrate,  and  a  third  for  the 
determination  of  the  alkalies  by  J.  L.  Smith's  method.  The  Vg  Oj, 
given  below  is  the  mean  of  the  two  determinations,  b  (another 
sample,  not  quite  as  pure  as  a)  was  analyzed  by  fusion,  c,  still 
more  contaminated  with  impurities,  was  analyzed  by  dissolving  in 
dilute  sulphuric  acid  in  a  sealed  tube,  &c. :  ca  is  the  result  of  this 
analysis;  <p  after  deducting  11-45  per  cent,  of  impurities,  d 
(another  sample)  was  decomposed  by  dilute  hydrofluoric  acid  ;  the 
analysis  was  unfortunately  lost,  excepting  the  determinations  given 
below ;  the  material  for  this  analysis  had  not  been  dried  over  sul- 
phuric acid.  e.  This  sample  was  dried  over  sulphuric  acid  for 
several  weeks  ;  a  portion,  which  was  decomposed  by  sulphuric  acid, 
gave  5-37  per  cent,  insoluble  silicates,  0*23  per  cent,  of  gold,  and 
43-24  per  cent,  of  silicic  acid ;  the  V^  On  was  determined  by  dif- 
ference. The  results  given  below  were  obtained  by  decomposing 
the  mineral  by  fusion. 


Insoluble  silicates,  "|^  _:  rQ.gE-i 
quartz,  gold,  &c.  J  ~  i  ^        ^ 


SiO 

Al.Oa   = 

FeO  = 

MgO = 

CaO  = 

Na.^  O  (trace  Lij  O)  = 

K,0  = 

^,0n   = 

Ignition    = 


47-69 

1410 
1-67 
200 

trace 
019 
7-59 

2202 
4-96 


c^. 


47-82 

12-60 
3-30, 
2-43' 

trace 
0-331 
8-03 

21-36' 
513 


1145 

43-46 
10-52 
2-03 
1-74 
0-20 
0-30 
5-35 
20-50 
5  32 


48-60 
11-76 
227 
1-95 
023 
0-34 
5-98 
22-92 
5-95 
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A  mineral  very  similar  in  composition,  and  perhaps  a  compact 
impure  variety  of  Eoscoelite,  is  found  associated  with  the  scales.  It 
has  the  appearance  of  a  massive  dark  green  chlorite,  or  that  of  some 
varieties  of  serpentine.  The  analysis  was  made  by  fusion  &c., 
and  gave  :—  gi  q, =46-09 
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Loss  by  ignition . 
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ON  HEAT-SPECTKA.      BY  M.  AYMOXNET. 

M.  Desains  showed,  in  1868 : — (1)  that  if  a  body  is  heated  to 
different  temperatures,  the  increase  of  energy  of  its  radiation  affects 
both  the  luminous  and  the  obscure  portion ;  (2)  that  when  the 
heat-spectra  given  by  different  sources  are  considered,  the  position 
of  the  maximum  of  intensity  varies  with  the  nature  of  the  sources . 
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M.  Lecoq  de  Boisbaudran,  iu  1S71,  pointed  out  that,  in  the  spectrum 
of  a  metal,  the  higher  the  temperature  of  the  source,  the  nearer  is 
the  brightest  hue  to  the  ultra-violet ;  and  he  showed  that  a  certain  line 
in  the  vicinity  of  the  infra-red,  visible  at  one  temperature,  ceases 
to  be  so  at  a  higher  temperature,  and  that  then  some  lines  towards 
the  ultra-violet  become  visible  which  at  first  were  not  so.  MM. 
Briiuner  and  Salet  have  remarked  that  hydrogen  and  a  certain 
number  of  metalloids  gave  different  spectra  when  the  nature  of  the 
sources  was  different. 

Having  been  permitted  to  take  advantage  of  the  resources  of  the 
laboratory  under  the  direction  of  M.  Desains  at  the  Sorbonne,  I 
proposed  to  myself  (1)  to  determine  the  distribution  of  the  heat  in 
the  calorific  spectrum  produced  by  a  Bourbouze  lamp  and  a  re- 
fracting system  of  flint  glass,  (2)  to  study  the  variations  of  this 
spectrmn  with  the  temperature  of  the  source,  and  (3)  to  observe 
also  the  absorption-spectra  of  various  bodies,  and  their  variations 
with  the  temperature  of  the  source. 

In  all  my  experiments  the  apparatus  preserved  its  initial  posi- 
tion throughout. 

The  lamp  employed  is  formed  essentially  of  a  Bunsen's  burner  sur- 
mounted by  a  cylinder  of  sheet  platinum  closed  at  the  top.  In 
this  cylinder  the  combustion  took  place  of  illuminating-gas  and  of 
air  supplied  by  a  tromp,  the  tension  of  this  air  being  measured  by 
a  manometer.  To  secure  different  fixed  temperatures  it  was  suffi- 
cient to  vary  the  tension  of  the  aii*  arriving  at  the  lamp,  and  to 
bring  to  the  latter  the  quantity  of  gas  requisite  to  give  it  the  maxi- 
mum of  brightness,  which  always  corresponds  to  its  minimum  of 
sonorousness.  At  that  instant  the  combustion  appears  to  take 
place  in  the  cylinder  only. 

To  estimate  the  various  temperatures  a  thermoelectric  actinome- 
ter  is  placed  at  a  distance  of  65  centims.  from  the  lamp.  The  tem- 
peratures are  not  measured,  but  defined  by  the  difference  between 
the  positions  of  equilibrium  of  the  needle  of  the  galvanometer 
when  the  actinometer  receives  and  when  it  does  not  receive  the 
heat  of  the  source. 

These  different  sources,  viewed  in  the  spectroscope  with  a  prism, 
give  continuous  spectra. 

In  my  experiments  I  have  operated  sometimes  by  the  usual 
method  of  impidsions,  sometimes  by  a  different  method  (in  which 
definite  positions  of  equilibrium  only  are  observed).  I  shall  sub- 
sequently return  to  this  new  manner  of  operating.  For  the  pre- 
sent I  confine  myself  to  indicating  a  few  results. 

I  readily  perceived  at  the  commencement  that  the  maximum  ap- 
proaches the  least-refrangible  part  of  the  spectrum  in  proportion  as 
the  temperature  of  the  source  is  lowered.  I  saw  moreover  that  in 
tins  case  the  curves  representing  the  results  glide,  \rithout  losing 
their  form,  in  the  same  direction  as  the  maximum. 

I  next  divided  the  spectra  to  be  stiidied  into  four  portions,  de- 
fined bv  the  angular  distances  from  the  extreme  red  to  their  limits; 
and  taking  the  ratios  of  the  quantities  of  heat  of  each  of  these 
parts  to  the  total  quantity  of  heat  of  the  spectrum  under  conside- 
ration, I  obtained  the  resiilts  recorded  in  the  following  Tables. 
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Table  I.— Impulsion  Method. 

Teiuperiitures  measured  bj  the 
actinometer. 

Intervals.  ,. « ^ 

o       -  <=10-      ^=8-2.      t  =  7'2.     t=Z2. 

—  1  24  to  0  16    0-088     0-042     0-031     0-0 

0  16  „  1  36    0-443     0-441     0-433     0-307 

1  36  „  2  56   0-404     0-419     0-435     0-528 

2  56  „  4  16    (>064     0-098     0-101     0-164 

0-999  roOO  rOOO  0^999 
Platinum  begins  to  melt  when  the  actinometer  gives  10-3. 
Taking  the  ratios  of  the  quantities  of  heat  measured  by  the  pile 

to  those  measured  bv  the  actinometer,  we  have  for  the  temperatures 

10,  8-2,  7-2,  3-2,  the  ratios  9-14,  5-8G,  5-77,  4-38. 

Table  II. — Fixed-temperature  Method. 

Temperatures  measured  by  the  actinometer. 

Interyalfl.  ^ * — '- ^ 

o        ,        o       ,  9-5.  7-4.  60.  4-6.  40. 

-0  44to0  16   0-056     0-0o2     0-045     0-024     0-024 

0  16  „  1  36   0-445     0-420     0-406     0-394     0-388 

1  36  „  2  56   0-400     0-427     0-433     0-464     0-453 

2  56  „  4  16    0^09^     0-100     0-114     0-116     0-134 

0-999     0-999     0-998     0-998     0-999 

If  we  take  the  ratios  of  the  quantities  of  heat  spread  over  the 
luminous  part  to  the  total  quantities  diifused  throughout  the 
spectrum,  we  have  for  the  foregoing  temperatures  the  numbers 
0-030,  0-022,  0-012,  0-003,  0. 

Taking,  as  before,  the  ratios  of  the  quantities  of  heat  indicated 
by  the  pile  to  those  indicated  by  the  actinometer,  we  have  the 
numbers  7-09,  5-74,  5-53,  5-24,  5-02. 

Tables  I.  and  II.  show  the  variations  of  the  distribution  of  heat 
in  the  spectrum  with  the  temperature  ;  and  from  them  u<e  infer  that 
Jlhit  glass  becomes  less  diathermanous  as  the  temperature  falls. 

Finally,  byinteq)osing  in  the  path  of  the  radiation  from  the  source 
a  solution  of  iodine  in  chloroform,  I  found  that  the  minima,  the 
existence  of  which  we  had  previously  recognized,  all  undergo  paral- 
lel displacements  proportional  to  the  fall  of  the  temperature.  This 
assertion  is  verified  by  the  following  Table. 

Minima. 

Temperatures.  a.  b.  c. 

9-8   i  20  to  1  24       1  40  to  f  44       2     0  to  2     4 

9-5   1  24  to  1  28       1  44  to  1  48       2     4  to  2     8 

4-5   1  40  to  1  44 2  20  to  2  24 

4-0   1  44  to  1  48       2     4  to  2     8       2  24  to  2  28 

3-8   1  48  to  1  52 2  28  to  2  32 

I  also  noticed  that  the  above  solution  becomes  more  diatherma- 
nous when  the  temperature  is  lowered. 

I  am  studying  the  spectra  of  other  substances,  and,  in  speaking 
of  them,  shall  return  to  the  last -mentioned  subject. — Comj^tes 
Rendus  de  I'Academie  des  Sciences,  vol.  Ixxxii.  pp.  1153-1156. 
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XXIL    On  Isomerism.    %  M.  M.  Pattison  MuiR,ii^./2.5.£., 

Assistant-Lecturer  on   Chemistry,  the   Owens   College,  Man- 
chester*. 

1.  TN  a  paper  published  in  this  Magazine  ([V.]  vol.  ii. 
-L  p.  1)  I  upheld  the  proposition  that  our  ordinary 
chemical  notation  indirectly  expresses  changes  in  the  form  of 
the  energy  of  a  system  of  bodies  reacting  chemically  upon  one 
another.  Among  the  phenomena  which  are  undoubtedly  con- 
nected with  such  changes  of  energy  isomerism  holds  an  im- 
portant position.  I  endeavoured  to  show  that  the  facts  of 
isomerism,  while  pointing  to  differences  in  the  energies  of 
the  isomeric  bodies,  were  not  inconsistent  with  the  generally 
accepted  theory,  according  to  which  isomeric  molecules  are 
possessed  of  dilFerent  atomic  structures. 

I  shall  now  endeavour  to  supplement  the  remarks  made  in 
the  paper  referred  to  by  others  having  a  similar  bearing, 

2.  The  "position  theory"  of  isomerism  would  seem  to  ac- 
count for  the  phenomena  by  assigning  to  the  atoms  which  form 
two  isomeric  molecules  different  positions  in  the  two  molecules  ; 
the  "  energy  theory  "  of  isomerism  would  trace  the  cause  of 
the  phenomena  to  those  "  conditions  of  action  under  which 
forces  effect  a  fixed  alteration  in  one  or  more  functions  of 
radicles." 

But  these  theories  are  not,  it  seems  to  me,  incompatible. 
Changes  of  function  are  associated  Avith  changes  of  energy, 
and  these  again  with  changes  in  the  "  configuration  of  a 
material  system." 

*  Communicated  bv  the  Author. 
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Grantod  that  there  is  an  inner  structure  ot"  the  molecule, 
we  shouUl,  a  priori,  expect  that  chann;(>s  in  this  structures 
would  he  correlated  with  changes  in  the  lunctions  of  the 
molecule.  And  we  must  imagine  that  atomic  motions  are 
continually  taking  place  in  the  molecule  ;  hence  under  certain 
conditions  these  motions  may  be  directed  so  as  to  result  in 
the  development  oi"  a  form  of  energy  different  from  that  which 
is  developed  when  tlie  atomic  motions  are  otherwise  directed. 
If  it  be  urged  that  the  terms  "molecule,"  "atomic  motion," 
&c.  involve  theoretical  considerations,  we  grant  the  objection, 
if  objection  it  be.  The  same  objection  would  a])ply  to  very 
many  of  the  most  important  dicta  of  science.  Still  it  might 
be  said  that  by  limiting  our  attention  to  the  changes  of  function 
(or  of  energy)  we  are  dealing  with  facts,  and  with  facts 
alone. 

But  if  we  speak  of  energy  at  all  we  must,  I  think,  imagine 
a  something  which  is  "  the  seat  or  vehicle   of  energy ;"  to 
this  something  we  give  the  name  of  matter.     Hence  a  change 
of  energy  appears  to  involve  in  some  way  a  change  of  matter. 
If  the  body,  the  energy  of  which  changes  form,  is  not  pos- 
sessed of  a  molecular  and  atomic  structure,  but  is  continuous, 
it  must  at  any  rate  have  a   grained  structure   of  some  kind 
(otherwise  many  well-established  phenomena  remain  utterly 
unaccounted  for)  ;  and  we   can  then  imagine  some  kind  c 
change  in  the  position  of  these  grains.     Such  a  theory  of  ii. 
finite  divisibility  of  matter  does  not,  however,  explain  so  man 
facts  as  the  other  (?.  ^.  the  molecular  theory)  does.     We  there- 
fore prefer  the  molecular  theory,  and  seek  to  associate  with 
chancres  in  the  enero;y  of  chemical  substances  changes  also  in 
the  structure  of  the  matter  composmg  these  substances. 

3.  Of  course  it  is  very  possible  to  put  a  wrong  meaning 
upon  the  structural  formulse  which  are  used  to  express  the  facts 
of  isomerism.  Three  alcohols  having  the  empirical  formula 
C4  Hio  0  are  known.  These  bodies  do  not  undergo  the  same 
reactions  with  the  same  reagents.  In  the  formation  of  these 
bodies  "  a  fixed  alteration  has  been  produced  in  one  or  more 
of  their  functions."  Would  it  then  be  enough  to  incpiire 
"  under  what  conditions  of  action  "  these  alterations  are  pro- 
duced ?  Surely  not  ;  we  seek  to  determine  whether  there  are 
differences  in  the  inner  mechanism  of  those  small  parts  of  the 
substances  which  remain  united  when  the  sul)stances  are  hot. 
And  when  we  have,  as  it  would  ap})ear,  learned  that  there 
are  such  differences,  we  of  course  seek  to  exj)ress  these  dif- 
ferences in  the  formulae  given  to  the  substances.  Thus  to  so- 
callod  normal  butylic  alcohol  is  generally  assigned  the  struc- 
tural formula  0112(03  117)011;  to  secondary  butylic  alcohol 
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the  formula  CH  (OH3)  (C^  H.,)  OH  ;  and  to  tertiary  butylie 
alcohol  the  formula  C  (CH3)3  OH.  Graphically  written  these 
formula}  become 


H    H  H    H 

I      I  I       I 
HO— 0— C— C— C— H 

I      i  I      I 

H    H  H    H 

H    H  H 

I       I  I 
HO— C— C— C— H    .  . 

!     I  I 

I      H  H 
H— C— H 

I 
H 


(1) 


(:2) 


H 

I 
H— C— H 

I      H 
1       I 

HO 0 C— H  .  .  (3^ 

I       ! 
I      H 
H— C— H 

i 
H 


In  many  text-Looks  these  differences  are  expressed  by  some 
such  statement  as  : — "  in  the  primary  alcohol  the  OH  group  is 
attached  to  a  carbon  atom  which  is  itself  attached  to  one 
other ;  in  the  secondary  alcohol  the  OH  group  is  attached  to 
a  carbon  atom  which  is  itself  attached  to  two  others ;  and  in 
the  tertiary  alcohol  the  OH  group  is  attached  to  a  carbon 
atom  which  is  itself  attached  to  three  other  carbon  atoms." 
Such  expi'essions  as  "  attached  to  a  carbon  atom  at  the  be- 
ginning of  the  chain,"  "attached  to  a  carbon  atom  in  the 
middle  of  the  chain,"  &c.,  are  also  used  when  speaking  of 
isomerism.  From  these  and  similar  expressions  one  might 
conclude,  as  some  of  the  opponents  of  the  position  theory 
would  almost  appear  to  do,  that  the  molecule  is  regarded  as  a 
fixed  structure,  the  different  parts  of  which  are  rigidly  ar- 
ranged around  a  centre  (just  as  one  might  stick  balls  of  clay 
on  to  stone),  and  that  by  removing  one  of  the  pieces  which 
compose  this  molecule  and  placing  it  in  another  fixed  position 
an  isomeric  molecule  is  produced. 

Language  which  would  give  any  countenance  to  such  crude 
ideas  as  this  should  certainly  not  be  made  use  of.  The  up- 
holders of  the  position  theory  liave  given  grounds  for  fault- 
finding. But  is  the  whole  theoiy  to  be  rejected  because  of 
crudities  in  the  manner  of  stating  it  ? 

That  the  structural  and  graphic  formuke  quoted  abo^e  do 
give  to  the  chemist  a  very  large  amount  of  infomiation  con* 
cerning  the  three  butylie  alcohols  is  patent  to  all ;  and  that 
the  main  idea  implied  in  them,  viz-  that  the  atoms  composing 
the  molecules,  although  the   same   iu   kind  and  in  number  iii 

M2 
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each  of  tlie  three,  arc  nevertlieless  not  arranojed  in  the  same 
manner  in  each,  is,  1  think,  not  opposed  to  but  is  in  keeping 
with  known  iacls. 

4.  (Trantinp;,  then,  that  change  in  the  form  of  energy  and 
change  of  molecular  structure  are  correlated  in  isomeric  ])odies, 
the  inquiry  into  the  facts  of  isomerism  would  naturally  branch 
out  into  two  directions. 

('hemists  would  seek  to  determine  what  are  the  atomic  ar- 
rangements in  isomeric  molecules,  and  what  are  the  differences 
in  the  energies  of  these  molecules. 

The  first  ])art  of  this  in([uiry  has  been  approached  l)y  a 
method  which  seems  to  present  the  most  probable  chances  of 
success,  viz.  by  studying  the  reactions  of  formation  and  of 
decomposition  of  isomers.  These  reactions  have  been  in  many 
instances  generalized,  and  tlie  results  have  been  embodied  in 
appropriate  formulae.  From  the  generalizations  so  reached 
some  slight  idea  of  the  atomic  arrangement  (granting,  of 
course,  that  such  arrangement  has  an  actual  existence)  of 
manv  isomeric  bodies  has  been  attained  to. 

But  even  in  this  part  of  the  inquiry  we  have  still  very 
much  to  leani.  Attention  has  not,  it  appears  to  me,  been 
sufficiently  paid  to  the  fact  that  atomic  structure  involves 
atomic  motion  of  some  kind. 

In  the  second  part  of  the  inquiry  (that,  namely,  which  relates 
to  changes  of  energy)  little  or  no  ])rogress  has  been  made. 
The  subject  is  beset  with  many  difficulties ;  but  in  this  field 
many  of  the  future  triumphs  of  chemical  science  will  doubtless 
be  achieved. 

5.  As  a  j)reliminary  investigation  it  would  be  well  that  the 
data  concerning  the  ])hysical  properties  of  isomers  should  be 
more  carefully  observed.  ISometliing  has,  it  is  true,  been  done 
in  this  direction.  Thus  we  know  that  the  boiling-points  of 
isomeric  compounds,  Avhich  have,  so  far  as  we  can  judge  from 
their  reactions,  a  similar  molecular  structure,  are  nearly  iden- 
tical ;  whereas  when  the  molecular  structure  of  isomeric  com- 
pounds is  essentially  different  Ave  find  a  marked  difference 
between  the  boiling-points  of  these  compounds.  We  are 
indeed  in  some  cases  able  to  trace  a  somewhat  regular  altera- 
tion in  the  boiling-points  of  the  members  of  an  isomeric  series 
and  to  correlate  this  with  a  regular  alteration  in  molecular 
structure ;  thus  the  boiling-points  of  the  four  butylic  alcohols 
differ  by  about  11°.  By  comparing  the  structural  formulae  of 
these  compounds  (?'.  e.  formula}  which  generalize  the  reactions 
of  formation  and  of  decomposition  which  these  bodies  exhibit) 
a  gradual  closing-up,  so  to  speak,  of  the  molecular  structure 
becomes  apparent. 
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^Tohor^i^^'?  }  CH3-CH2-CH2-CH-OH2  B.P=  116°.C. 
Isobutylic  alcohol      CH3— CH— CH2— OH  „       109°  „ 

I 
CH3 

^^alTolTo?  ^''^'^'*' }  CH3-CH0-CH-CH3  „         97°  „ 

OH 

CH3 

Tertiary  butylic  alcohol  H3C— C— CH3  „         82°,, 

I 
OH 

So,  again,  we  learn  from  experiment  that  a  substance  whose 
reactions  are  best  expressed  by  writing  its  formula  as  contain- 
ing the  group  OH,  is  generally  possessed  of  a  higher  boiling- 
point  than  another  isomeric  substance  which  does  not  appear 
to  contain  this  group  ;  hence  from  a  consideration  of  the 
boiling-points  of  ethvlic  alcohol,  and  of  methylic  ether  respec- 
tively (78°  and  — 21°  C),  and  from  a  knowledge  of  the  two 
possible  moditications  of  the  empirical  formula  (C2  Hg  0), 
which  is  common  to  each,  we  should  expect,  without  a  pre- 
vious study  of  the  reactions  of  these  bodies,  that  the  structural 
formula  of  the  alcohol  would  be  CH3— CH2  — OH,  and  of  the 
ether  CH3— O-CH3. 

More  careful  and  extended  observations  of  the  boiling-points 
of  isomeric  compounds  will  doubtless  throw  considerable  light 
on  their  molecular  structure.  The  specific  volumes  of  isomeric 
bodies  are  also,  it  would  appear,  connected  with  their  mole- 
cular structure.  Thus  according  to  Kopp  the  specific  volumes 
of  acetic  acid  and  methylic  formate  are  almost  identical ;  their 
structural  formulae  are  likewise  analogous,  viz.  CH3  — CO  —  OH 
and  H-CO-O-CH3  respectively. 

The  researches  of  Thorpe,  part  of  which  have  been  already 
published,  will  probably  help  to  elucidate  the  connexion  which 
exists  between  specific  volume  and  isomerism. 

From  a  study  of  the  heat  of  combustion  and  of  formation  of 
isomeric  substances,  we  may  also  hope  for  knowledge  concern- 
ing the  second  part  of  the  general  problem  of  isomerism. 
May  we  not  suppose  that  in  certain  isomers  the  energy  exists 
in  a  more  available  form  than  it  does  in  others,  perhaps  even 
in  other  members  of  the  same  group  ?  We  know  that  under 
certain  conditions  energy  may  be  in  a  more  available  form 
than  under  other  conditions ;  is  there  such  a  difference  in  the 
energy  of  isomers  ?    Supposing  that  this  is  the  case,  availability 
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will  clepc^'iul  oil  tlie  position  of  tlu'  jcirts  ;  hence  the  two  theories 
will  be  coin])lenieiitary  of  eucli  other. 

6.  One  of  the  difficulties  in  the  way  of  explaining  the  facts 
of  isomerism  in  terms  of  the  molecniar  theory  arises  from  our 
ignorance  of  the  conditions  which  influence  the  linking- 
together  of  atoms  in  a  molecule.  Given  the  formula  of  a 
substance  and  the  valency  of  the  atoms,  it  is  possible  to  ar- 
range the  symbols  in  a  certain  number  of  ways  only  ;  each  oi" 
these  methods  of  arr.ingement  may  represent  an  isomeric  body. 
But  we  have  often  very  good  reasons  for  believing  that  of 
these  possible  methods  of  arrangement  two  or  more  will 
represent  substances  which  are  actually  identical,  not  isomeric, 
with  each  other. 

Thus  if  we  replace  one  hydrogen  atom  in  marsh-gas  by 
chlorine  we  might  arrange  the  symbols  representing  the  re- 
sultant in  four  ways  : — 


H- 


Yet  we  know  that  but  one  substance  is  invariably  produced 
in  the  foregoing  reaction.  Hence  we  conclude  that  the  four 
"  affinities  "  or  four  "  equivalents  "  of  carbon  are^  in  this  case, 
of  equal  value.  In  other  instances,  however,  it  would  appear 
as  if  the  ''  affinities  "  of  an  elementary  atom  were  not  all  of 
equal  value.  Thus  we  know  that  phosphorus  pentachloride. 
PCI5,  at  a  moderate  temperature  splits  up  into  PCI3  and  CI2 ; 
hence  we  might  suppose  that  two  of  the  chlorine  atoms  are 
held  to  the  phosphorus  atom  less  firmly  than  the  remaining 
three  *.  Have  we  here  the  existence  of  weaker  and  stronger 
affinities  in  the  phosphorus  atom  ?  If  such  differences  actually 
occTir,  the  existence  of  isomeric  bodies  may  be  traced  to  other 
causes  than  that  w^hich  is  generally  understood  by  the  phrase 
"  position  of  the  atoms." 

7.  It  would  appear  very  probable  that  the  valency  of  an 
atom  may  be  regai'ded  as  an  expression  for  the  number  of 
directions  or  of  ])Ositions  in  which  the  atom  is  capable  of 
exercising  chemical  force.  Tlius  when  we  say  that  the  carbon 
atom  is  tetravalent  wo  mean,  on  this  hypothesis,  that  it  is 
capable  of  exercising  chemical  force  in  four  directions,  or  that 

*  It  may  be  objected  that  we  do  not  know  that  PCI.,  actually  exists. 
AViu-lz's  determinations  of  the  vapour-density  of  this  compoimd  {Compt. 
Rend.  vol.  Ixxvi.  p.  001),  carried  ont  in  an  atmosphere  of  the  trichloride 
whereby  dissociation  was  prevented,  show  that  PCI,  truly  represents  the 
niolocular  weiprht  f>r  the  subs^tance. 
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in  each  of  its  periodic  movements  there  are  four  positions  in 
which  it  can  exercise  such  force.  Now  if  this  be  granted  we 
are  in  no  way  necessitated  to  suppose  that  the  valency  and 
the  total  chemical  afHnity  are  dependent  on  one  another,  nor 
that  the  force  exercised  in  one  of  the  four  directions  or  posi- 
tions is  equal  in  amount  to  that  exercised  in  each  of  the  other 
three  directions  or  positions.  On  this  supposition  the  equi- 
valents or  affinities  of  an  atom  may  differ  in  value ;  and  the 
existence  of  isomers  becomes  possible,  the  difference  between 
which  is  to  be  traced  to  the  directions  in  which  the  chemical 
force  of  the  constituent  atoms  of  the  molecule  is  exercised. 

Such  a  theory  as  this  has  commended  itself  to  several 
chemists,  among  others  to  Crum  Brown,  who  has  discussed 
some  of  its  consequences  in  a  paper  published  in  the  '  Journal 
of  the  Chemical  Society'  [2],  vol.  iii.  p.  230. 

But,  on  the  other  hand,  it  may  be  supposed  that  the  equi- 
valents of  a  given  atom  have  equal  values,  and,  nevertheless, 
that,  o%ving  to  the  positions  of  the  atoms  with  respect  to  each 
other,'^^isomeric  bodies  may  arise  which  shall  exhibit  differences 
of  behaviour  towards  the  same  reagents.  Thus,  of  the  isomeric 
amylic  alcohols  (Cg  Hn  OH),  that  whose  reactions  are  best 
expressed  by  the  constitutional  formula 

CH3— CH— CHs— CHs— OH 

I 
CH3 

is  stable  at  temperatures   at  which   that  having  the  constitu- 
tional formula 

CH3— CH— CH— CH3 

I         I 
CH3    OH 

undergoes  dissociation  into  water  and  amylene. 

The  most  plausible  explanation  of  this  fact  appears  to  be, 
that,  although  the  affinities  of  the  carbon  atoms  are  all  of 
equal  value,  yet  the  group  OH  is  related  in  one  case  to  a 
carbon  atom  a  large  number  of  whose  affinities  are  already 
"  saturated "  (to  use  a  common  term)  with  other  carbon 
affinities ;  whereas  in  the  other  case  the  same  group  is  related 
to  a  carbon  atom  whose  affinities  are  not  to  so  great  an  extent 
"  saturated  "  wuth  carbon.  Hence,  from  the  different  positions 
occupied  by  the  OH  group,  it  is  possible,  during  the  excursions 
of  the  molecule,  for  those  forces  which  tend  to  produce  mole- 
cular disintegration  more  readily  to  act  upon  the  OH  group 
in  the  one  case  than  in  the  other. 

Again  we  may  suppose  that  the  affinities  of  any  given 
atom   are  of  equal  value,   but  that  as  they  are  successivelv 
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satunited  those  wliicli  ivnuiin  Ijcconic  weaker,  if  one  may  nse 
such  an  exj)iT.ssiun,  and  that  in  some  in.stanees  the  atom  does 
not  exeix-ise  its  total  valency  because  of  this  weakening  of  the 
unsaturated  atlinities.  On  this  view  the  whole  of  the  atoms 
in  a  molecule  must  influence  the  total  force  exercised  by  that 
molecule.  Thus  the  group  OH  may,  in  cx^rtain  compounds, 
exchange  its  hydrogen  for  metals,  while  in  others,  or  even  in 
the  same  com])ounds,  an  exchange  of  hydrogen  of  this  group 
can  only  be  effected  for  alcoholic  radicles. 

The  group  has  thus  two  functions,  an  "  alcoholic  "  and  an 
"  acid  "  function.  Now  we  cannot  doubt  that  it  is  the  com- 
position of  the  remainder  of  the  molecule  which  chiefly  deter- 
mines the  function  of  the  OH  group ;  the  position  of  the 
group  will  of  course  also  exercise  an  influence.  From  these 
considerations  it  becomes  evident  that  in  considering  the  phe- 
nomena exhibited  by  a  chemical  molecule  we  may  divide  these 
phenomena  into  two  classes  : — first,  those  which  are  dependent 
on  the  nature  of  the  atoms  composing  the  molecule ;  and, 
secondly,  those  which  are  dependent  on  the  linking-together 
or  the  position  of  these  atoms  in  the  molecule  *.  The  pheno- 
mena of  isomerism  will  be  influenced  by  both  of  these  factors; 
and  in  endeavouring  to  explain  these  phenomena  we  must 
overlook  neither. 

8.  We  may,  then,  perhaps  imagine  the  meeting  of  two 
molecules,  the  result  of  which  is  to  be  the  formation  of  new 
molecules.  Molecular  dissociation  is  the  first  result ;  for  a 
moment  we  may  picture  the  atoms  vibrating  about  certain 
fixed  points,  at  each  of  which  these  atoms  are  capable  of 
exercising  their  chemical  affinity. 

Let  us  suppose  that  the  atoms  of  molecule  a  vibrate  about 
four,  and  that  the  atoms  of  molecule  b  vibrate  about  two  of 
these  points.  Let  us  further  suppose  that  the  force  exercised 
at  each  of  the  four  points  by  a  atoms  is  different  in  amount, 
but  that  b  atoms  exercise  the  sjime  amount  of  force  at  each  of 
their  two  points. 

The  atoms  become  associated  and  new  molecules  result, 
which  have  a  different  atomic  structure  from  that  of  the 
original  molecules  a  and  h,  and  are  possessed  of  an  amount  of 
energy  differing  from  that  originally  possessed  by  these  mole- 
cules. But  suppose  the  atoms  of  molecule  h  had  come  within 
the  sphere  of  action  of  the  atoms  of  molecule  a,  not  at  the  two 
positions  at  Avhich  they  have,  by  supposition,  actually  come 
within  that  sphere  of  action,  but  at  the  two  remaining  posi- 
tions, we  should  have  a  second  new  set  of  molecules  produced 

*  See  L.  Meyer's  Moderne  Theorien  dcr  Chemic,  2nd  ed.  pp.  1. '38-21 7  : 
also  Cnini  Brown,  he.  cit. 
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composed  of  the  same  atoms  as  those  which  actually  were 
produced,  but  diftering  in  atomic  structure,  and  in  the  amount, 
or  at  any  rate  in  the  form,  of  the  energy  possessed  by  them. 

We  have  here  isomerism  which  is  chiefly  due  to  a  dif- 
ference in  the  value  of  the  equivalents  of  the  atoms  of  one  of 
the  reacting  molecules. 

Let  us  now  imagine  that  the  atoms  of  the  reacting  mole- 
cules  were  capable,  as  before,  of  exercising  chemical  force  in 
four  and  in  two  positions  respectively,  but  that  the  force 
exercised  in  each  position  is  the  same  in  amount. 

After  the  atomic  interchanges  have  taken  place  (we  may 
suppose,  for  a  moment,  that  these  interchanges  are  accom- 
plished almost  instantaneously,  and  that  the  resultant  molecules 
are  removed  from  the  sphere  of  mutual  action)  we  have  new 
molecules,  still,  by  supposition,  capable  of  exercising  chemical 
force  in  two  directions ;  but  we  may  surely  suppose  that  the 
amount  of  force  to  be  exercised  in  each  of  these  directions  is 
not  the  same  noic  as  it  was  before  the  atoms  had  become  asso- 
ciated. The  occupation,  so  to  speak,  of  two  of  the  positions 
of  possible  action  will  most  probably  influence  the  force  which 
remains  to  be  exercised  at  the  two  residual  positions,  even 
supposing  that  originally  an  equal  amount  of  force  was 
exercised  at  each  of  the  four.  The  phenomena  of  magnetism 
and  of  electricity  make  us  acquainted  AA^ith  actions  somewhat 
similar  to  this. 

If  we  may  carry  the  imagination  one  step  further  and  sup- 
pose that  the  occupation  of  two  positions  has  not  only  in- 
fluenced the  force  to  be  exercised  at  the  remaining  positions, 
but  has  also  influenced  it  unequally,  we  shall  now  have  a 
molecule  which  is  capable  of  forming  isomers  by  a  process 
similar  to  that  which  was  carried  out  in  the  case  which  we 
first  attempted  to  follow. 

If  we  grant  that  the  occupation  of  a  certain  number  of  the 
positions  at  which  an  atom  is  capable  of  exercising  chemical 
force,  by  another  atom,  causes  a  change  in  the  amount  of 
force  remaining  to  be  exercised  at  each  of  the  residual  posi- 
tions, we  may  also  very  well  grant  that  upon  the  nature  of  the 
occupying  atom  will  greatly  depend  the  extent  of  this  in- 
fluence. 

By  substituting  a  new  occupying  atom  of  equal  valency 
with  the  original  we  shall  produce  not  only  a  new  molecule, 
but  a  new  molecule  which  is  possessed  of  a  different  amount 
of  energy  from  that  originally  formed.  On  this  supposition 
we  can  trace  the  formation  of  isomers  containing  different 
atomic  groups. 

Let  us  suppose  that  two  molecules  a  and  b  come  within  the 
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sphere  of  one  another's  action  ;  that  molecnJar  dissociation 
occurs,  but  that  in  the  case  of  molecule  /)  this  is  not  carried 
out  conii)letely,  that  instead  of  the  settino;-free  of  sin;i;le  atoms, 
groups  (or  at  any  rate  a  group)  of  atoms  arc  ])ro{hiced  ;  these 
groups  become  combined  with  the  atoms  which  formerly  con- 
stituted molecule  a :  of  the  ecpiivalents  of  these  atoms  some 
are  satisfied  by  the  new  atomic  groups  ;  and  in  this  process 
the  remaining  equivalents  become  altered  in  value  (we  have 
supposed  that  originally  the  equivalents  were  all  of  equal 
value).  Now,  on  our  sup})osition,  the  nature  of  the  atomic 
group  or  groups  which  occupy  certain  of  the  positions  in  which 
the  atoms  of  molecule  a  are  capable  of  exercising  force,  will 
influence  the  amount  of  force  remaining  to  be  exercised  at  the 
unoccupied  positions ;  hence  Ave  have  only  to  imagine  for  the 
production  of  an  isomer  that  molecule  a  comes  within  the 
sphere  of  action  of  a  third  molecule  c  composed  of  the  same 
atoms  as  b,  but  capable  of  splitting  uj)  into  different  atomic 
groups. 

In  these  supposed  formations  of  isomers  we  have  change  of 
position,  change  of  valency,  and  change  of  energy  taking 
place  simultaneously. 

1).  So-called  physically  isomeric  bodies  *  appear  rather  to 
belong  to  the  category  of  polymeric  substances.  In  most 
recorded  cases  it  is  very  probable  that  the  molecular  weight  of 
the  substance  does  not  remain  constant  throughout  its  modi- 
fications. If  this  be  so,  we  should  of  course  have  no  difficulty 
in  explaining  why  varying  phenomena  are  presented  by  each 
of  the  modifications. 

Laubenheimer  (loc.  cit.)  seeks  to  explain  the  formation  of 
so-called  physically  isomeric  bodies  by  the  supposition  that 
the  molecules  of  those  modifications  which  have  the  higher 
inelting-points  are  made  up,  so  to  speak,  of  a  greater  number 
of  fundamental  molecules  (^' Grundmolekule^')  than  the  mole- 
cules of  modifications  which  melt  at  lower  temperatures. 
This  supposition  takes  for  granted  that  molecular  compounds 
exist,  or  at  any  rate  that  by  the  aggregation  of  molecules  (not 
of  atoms)  new  molecules  may  be  ju'oduced, — molecule  being 
taken  to  mean  the  smallest  portion  of  a  body  which  holds 
together  when  the  body  is  hot. 

In  a  paper  published  elsewhere  t  I  used  the  expression 
"  molecular  valency  "   as  being  perhaps  applicable  to  certain 

*  Duffy,  Cheni.  Soc.  Joiirn.  vol.  v.  p.  197 ;  Zincke,  Deid.  Chetn.  Ges. 
Ber.  vol.  iv.  p.  576 ;  Tolleus,  ihid.  vol.  viii.  p.  1427;  Laubeuheuner,  ibid. 
vol.  ix.  p.  760,  &c.  &c. 

t  "On  Recent  Chemical  Researchee,"  Quart.  Jouiii.  of  Science,  .lanu- 
arv  1876. 
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cases  of  formation  of  so-called  molecular  compoiiuds.  The 
use  of  this  term  is  based  on  the  assumption,  which  appears  to 
be  in  keeping  with  facts,  that,  although  in  a  given  molecule 
"  the  lines  of  force  of  its  atoms  are  mutually  satisfied,  there 
may  be  directions  in  which  the  molecule,  as  such,  may  exert 
a  certain  amount  of  chemical  energy." 

This  idea  follows  naturally  from  the  view  of  valency  and 
chemical  affinity  which  I  have  sketched  in  paragraph  7  of  the 
present  paper,  because,  if  the  valency  of  an  atom  be  an  ex- 
pression for  the  number  of  directions  or  positions  in  which 
that  atom  is  capable  of  exercising  force,  but  if  the  amount  of 
force  exercised  be  independent  of  the  valency,  it  follows  that, 
although  an  atom  exercise  its  force  in  each  of  the  possible 
directions,  a  part  of  that  force  may  possibly  yet  remain  un- 
exercised. And  may  we  not  imagine  that  this  unexercised 
force  may  be  exercised  by  the  newly  formed  molecule,  and 
that  in  one  or  more  directions  ? 

A  view  somewhat  similar  to  this  Avas  put  forward  by  Mills 
some  years  ago*.  If  we  grant  "  molecular  valency,"  we  can 
easily  see  that  the  formation  of  physically  isomeric  bodies 
becomes  possible  according  to  the  supposition  that  the  dif- 
ference between  these  bodies  is  to  be  traced  to  the  placing 
t-ogether  of  a  greater  or  less  number  of  "  fundamental  mole- 
cules "  in  the  molecule  of  each. 

But  if  compounds  composed  of  the  same  number  of  the 
same  atoms  do  exist  the  only  difierence  in  whose  properties  is 
a  purely  physical  one,  we  may  still,  I  think,  be  able  to  explain 
the  existence  of  such  truly  "physically  isomeric"  bodies, 
either  upon  the  supposition  that  the  affinities  of  many  atoms 
differ  in  value,  or  by  supposing  that  these  affinities  are  originally 
of  equal  value,  but  that  the  "  saturation  "  of  some  of  them 
modifies  those  which  remain. 

10.  It  has  been  supposed  that  those  elements  which  are 
capable  of  assuming  allotropic  forms  may  sometimes  exist  in 
these  forms  in  their  compounds  f.  The  existence  of  allotropic 
forms  of  elementary  substances  is  closely  allied  with  the  ex- 
istence of  isomeric  forms  of  compound  substances.  The  same 
or  very  similar  explanations  are  probably  applicable  in  both 
cases ;  in  the  case  of  elements  we  shall  have  to  deal  Avith 
atomic  interchanges  of  similar  atoms  only.  If  we  grant 
variability  of  affinities,  Ave  may  suppose  that  the  nature  of  the 
particular  allotrope  produced  by  the  mutual  action  of  tAA'o  ele- 

*  Phil.  Mag.  [IV.]  vol.  xxviii.  p.  364. 

t  See  Weber  in  Ihis  Magazine  [IV.]  vol.  xlix.  p.  300  ;  also  Wiedemann, 
Vogg.Atui.  vol.  clvii,  p.  41,  a  translation  of  Avhich  appears  in  the  Auo'ust 
Number  of  the  Philosophical  Magazine. 
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mentary  atuni;^  will  be  influoncod  by  the  position  of"  tbo 
attinities  mutually  satisHed  ;  or  it'  we  pn^ler  to  re<^ar<l  the 
elementary  atomic  atHnities  as  of  equal  value,  we  may  still 
suj)pose  that  the  mutual  action  of  two  elementary  atoms  will 
so  modify  the  residuary  affinities  as  to  render  possible  the 
formation  of  allotro})ic  forms  according  to  the  position  in  tlie 
molecule  occupied  by  a  third  atom,  which  now  comes  within 
the  sphere  of  action  of  the  molecule.  Or  it  may  very  pos- 
sibly be  that  both  of  these  causes  influence  the  formation  of 
allotro])es.  We  certainly  know  that  the  density  of  some 
allotropic  forms  of  the  same  element  is  not  a  constant  nund)er  ; 
it  appears  also  that  changes  of  energy  accompany  the  changes 
of  an  elementary  molecule  from  one  allotropic  form  to 
another. 

11.  Isomerism  does  not  appear  to  occur  among  inorganic 
compounds  to  so  marked  an  extent  as  among  the  com])ounds 
of  (carbon.  A  variety  of  silver  chloride  has  been  described  by 
Field*,  which  is  unacted  upon  by  light,  and  is  distinctly 
crystiilline  ;  so,  also,  we  know  of  two  modifications  of  nitrogen 
tetroxide,  Ng  O4  and  NO2.  A  systematic  search  for  isomeric 
bodies  among  the  non-carbon  compounds  would  doubtless  meet 
with  a  considerable  degree  of  success. 


XXIII.  Supplenientari/  Discnst>ion  of  the  Hi/drodi/ncunical 
Theory  of  Attract'we  and  Repulsive  Forces.  By  Professor 
Challis,  M.A.,  F.R.S.,  F.R.A.SA 

1 .  TN  the  mathematical  theories  of  the  physical  forces  which 
J-  from  time  to  time  I  have  proposed  and  discussed  in 
this  Journal,  the  reasoning  has  been  tmiformly  made  to  rest 
on  the  following  principles  : — 

All  visible  and  tangible  substances  consist  of  atoms. 

An  atom  is  a  very  small  inert  spherical  mass  of  constant 
form  and  magnitude. 

All  space  not  occupied  by  atoms  is  filled  by  a  perfectly  fluid 
substance  (the  aether),  of  uniform  pressure  and  density  when 
at  rest,  and  varying  in  pressure  when  in  motion  in  exact  pro- 
portion to  variations  of  its  density. 

All  physical  foi-ce  acts  either  as  pressure  of  the  sether  upon 
the  surfaces  of  atoms,  or  as  reaction  of  the  atoms  upon  the 
rcther  by  reason  of  the  constancy  of  their  form  and  magnitude. 

2.  The  selection  of  these  hypotheses  has  been  determined 

•  (!beui.  Soc.  .louin.  vol.  x.  j).  242. 
t  Comuiunicated  bv  the  Author, 
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bv  two  regulative  princiitles  : — (1)  they  must  be  perfectly  intel- 
ligible from  sensation  and  experience  ;  (2)  they  are  required 
to  be  appropriate  foundations  of  mathematical  reasoning.  The 
jether,  l)eing  assumed  to  be  susceptible  of  variation  of  density, 
must  be  conceived  to  be  atomically  constituted,  because  we 
have  no  experience  of  variation  of  density  and  pressure  which 
is  not  the  result  of  atomic  constitution.  But  for  the  purposes 
of  phvsical  research,  it  suffices  to  regard  the  anher  as  a  con- 
tinuous substance,  and  to  apply  calculation  to  it  as  such,  just 
as  the  air  is  treated  mathcinaticully  in  Hydrodpiamics,  although 
it  is  known  to  be  composed  of  discrete  atoms.  After  adopting 
these  views,  the  atoms  of  the  asther  do  not  individually  come 
under  consideration. 

3.  In  this  philosophy  the  only  admissible  form  of  force  is 
pressure,  because  we  have  distinct  perception  of  such  force, 
and  such  only,  by  personal  act  and  sensation,  as  when  the 
hand  is  pressed  against  any  substance. 

4.  According  to  the  foregoing  principles  of  theoretical 
physics  it  is  not  allowable  to  make  any  assumption  respecting 
the  laws  of  action  of  the  physical  forces,  inasmuch  as  these 
laws  have  to  be  deduced  by  strict  mathematical  reasoning 
from  the  above  stated  hypotheses.  This  I  consider  to  be  the 
legitimate  application  of  the  rules  and  principles  of  philosophy 
suggested  by  Newton  at  the  beginning  and  the  end  of  the 
third  book  of  the  *  Principia.'  To  deduce  exclusively  from  these 
hypotheses  the  modes  of  operation  of  the  various  physical 
forces,  and  to  compare  the  theoretical  results  Avith  facts  of 
observation  and  experiment,  might  well  seem  to  be  an  arduous 
task.  Since,  however,  the  Xe^^'tonian  principles  of  philosophy 
can  only  by  such  means  be  tested  or  established,  an  upholder 
of  those  views  could  not  do  otherwise  than  enter  upon  this 
undertaking.  Accordingly  I  have  devoted  much  time  and 
research  to  problems  the  solutions  of  which  are  demanded  by 
this  course  of  philosophy  ;  and,  in  particular,  I  have  endea- 
voured to  infer  the  laws  of  attractive  and  repulsive  forces  from 
modes  of  pressure  of  the  jetherial  medium.  The  furthest  ad- 
vance I  have  made  towards  the  solution  of  this  essentially 
important  but  difficult  problem  is  given  in  arts.  30-39 
of  a  communication  contained  in  the  Number  of  the  Philoso- 
phical Magazine  for  September  1872.  The  object  of  the 
present  communication  is  to  correct  in  certain  respects  that 
investigation  and  to  carry  it  a  step  further;  and  with  this 
object  in  view  I  shall  begin  Avith  reproducing  here  so  much 
of  the  antecedent  argument  as  may  be  required  for  making 
intelligible  the  proposed  extension  of  it, 

5,  In  the   Philosophical   Magazine  for  August   18G2,  but 
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more  accurately  and  completely  in  pat^es  201-228  of  '  The 
Principles  of  ]\Iatlieinatic,s  and  Physics,'  I  have  ol)tainod  })ar- 
ticular  solutions  of  the  <^encral  hydrodynainie^al  eijuations  ap- 
plicable to  the  motion  of  a  fluid  for  which  j)  =  (rp,  without 
havin<^  made  previously  any  supposition  as  to  the  circuni- 
stiinces  under  which  the  fluid  was  put  in  motion.  These  re- 
sults, as  depending  on  no  special  arbitrary  conditions,  but  only 
on  the  general  analytical  hypothesis  that  ud.r  +  vdi/  +  wdz  is 
an  exact  diiierential,  are  considered  to  give  the  laws  of  spon- 
tayieous  mutual  action  between  the  parts  of  the  fluid.  The 
motion  thence  resulting  is  characterized  by  being  symmetrical 
with  respe(!t  to  an  a.ris,  and  by  consisting  wholly  of  harmonic 
vibrations  partly  parallel  and  partly  transverse  to  the  axis. 

6.  It  is  not  necessary  to  introduce  hero  the  details  of  the 
abstract  reasoning  whereby  this  particular  motion  was  reached  ; 
but  it  is  important  to  remark  that  as  the  solution  is  unique 
and  definite  it  cannot  without  error  be  left  out  of  consitleration 
in  applications  of  general  solutions  of  the  hydrodynamical 
equations,  and  that  it  must  be  taken  into  account  before  pro- 
ceeding to  apply  such  solutions  to  cases  of  motion  taking 
place  under  given  arbiti-ary  circumstances.  This  being  pre- 
mised, I  shall  now  adduce  the  investigation  of  that  particular 
motion  in  sufficient  detail  for  the  present  purpose  ;  and  in 
order  to  give  the  means  of  acquiring  fuller  information,  re- 
ferences will  be  made  to  the  pages  of  the  above  mentioned 
work,  or  to  Numbers  of  the  Philosophical  Magazine,  in  which 
the  several  steps  of  the  reasoning  are  completety  discussed. 

7.  A  differential  equation,  which  I  call  the  first  general 
equation  of  hydrodynamics,  being  formed  on  the  princi])le 
that  the  directions  of  motion  in  each  (jiven  element  are  normal 
to  surfaces  of  displacement  in  successive  instants,  it  m.iy  be 
shown  that  if  ii(hv  +  vdy  +  icdz  be  an  exact  ditFerential  {dyjr), 
the  motion  is  spontaneously  rectilinear  where  yjr  has  a  maxi- 
mum or  minimum  value  (Props.  VII.  and  XL  in  pages  180 
and  201  ;  the  reasoning  is  given  better  in  arts.  32-35  of  the 
communication  in  the  Philosophical  Magazine  for  September 
1872).  Accordingly,  assuming  that  there  would  be  rectilinear 
motion  along  an  a.ris,  it  may  be  supposed,  for  the  rest  of  the 
motion,  that  (d  ylr)  =  (d ./  (f>),  and,  the  ordinates  c  being 
reckoned  along  that  axis,  that  /'  is  a  function  of  .v  and  y  only, 
and  (f>  a  function  of  z  and  t  only.  These  assumptions  are 
justified  by  actually  finding  definite  expressions  for  the 
functions  <^  and  /  by  purely  analytical  reasoning.  It  is  found, 
in  fact,  by  such  process  (pages  201-205  and  210)  that,  to  the 
first  approximation, 
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mX       27r  (  /,       eX'^\h        \ 

e-r^  e^r^ 

f=  l—er-  +  p-^  —  ^2  22  32  +  ^^• 

In  these  expressions  g  is  a  constant  introduced  by  fulfilling  the 
condition  that  ^  is  a  function  of  z  and  t  and  /  a  function  of  x 
and  //  ;  c  is  a  constant  altogether  arbitrary  ;  m  determines  the 
intensity  and  \  the  extent  of  the  vibrations  ;  and  r  is  the  dis- 
tance of  any  point  from  the  axis.     It  is  proved  also  (Prop. 

XIV.  pages  214-224)  that  the  factor  (l+  -3-)    has  the  fixed 

numerical  value  1"2106.  The  exact  determination  for  deter- 
mining 0  is  found  to  be  (p.  203) 

4a^.<^-a-^+-^  +  2^-^^  +  ^5-^  =  0.    .    («) 

If,  for  the  sake  of  shortness,  k  be  put   for  f  1  H ^  j  ,  f  for 

z  —  Kat  +  c,  and  g  for  —-,  this  equation  gives  by  successive  ap- 

proximate  integrations  (p.  206), 

d<f>           .      y     Km-        „  y      B»i^    •    Q  J. ,  P 
-J-  =???, sm  q(^ cos  lq\ 5—  sm  oqQ,-\- &c., 

A  being  put  for  g^J^^^,  and  B  for|iI^^. 

After  making  the  more  general  assumption  (pp.  226  &  227) 
that 

^=-^cosqK--^  sm  2q^+  3^  cos  3^?, 

I  found,  on  substituting  this  value  in  the  general  differential 
equation  of  which  yjr  is  the  principal  variable,  that  the  factors 
ff  and  h,  as  Avell  as  /,  are  determinable  as  functions  of  v,  the 
results  being /=l  —  ^?'^+  &c.  (as  before), 

3/c^  — 1 

g  =  l  —  er- —  e'r'^  +  &c.,     h=l—er^  +  &c. 

Then,  as  the  differential  coefficients  -—  and  -^  give  for  any 
'  az  dr    " 

point  the  velocities  parallel  and  transverse  to  the  axis,  the  con- 
densation at  the  same  point  is  obtainable  from  the  equation 
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Thus  the  circumstancos  of  spontaneous  uncompoxinded  motion 
rt'lative  to  an  axis  are  in  all  respects  determined,  and  with  any 
required  (h'gree  oi' apjtroxiniation. 

S.  This  result  is  of  })rimarv  importance  relatively  to  the 
matlicmatical  theory  of  tun  steal  vihrafions.  as  will  a])pear  from 
the  followinfT  considerations.  In  the  case  of  aer'uil  vibrations, 
for  which  witliin  the  usual  compass  of  music^il  notes  \  is  large 
and  consequently,  as  eX^  is  constant,  e  is  very  small,  each  of 
the  factors  /',  g,  h,  &c.  will  be  nearly  unity,  and  we  may  sup- 
pose -j^  to  vanish.  Then  for  the  velocitv  in  the  direction  of 
dr 

z  we  have 

-^—■szm  sm  oL—   — —  cos  %it ^ sui  ool-V  &c. 

dz  ^  a  ^  a- 

Now  as  this  expression  has  been  obtained  prior  to  any  suj)po- 
sition  as  to  the  mode  of  disturbino;  the  air,  it  is  to  be  taken 
into  account  in  any  case  of  motion  due  to  arbitrary  disturb- 
ance. Representing  therefore  by  ^  the  value  of  the  principal 
variable  when  it  applies  to  motion  produced  under  given  arbi- 
trary circumstances,  let  us  suppose,  in  order  to  fulfil  the  above- 
mentioned  condition,  that 


— —  =2,  .    m  sin  o,  c cos  2qi  c —  sm  doy  ^+  (.vc. 

dz  {_  ^  a  a-  ^  J 

+  So .    m'  sin  q<J^ cos  2<^2?' j-  ^i"  ^9^^  +  ^^- 

^  <x  a  J 

+  &C., 

the  s^Tubol  2  signifying  the  sum  of  any  number  of  such  ex- 
pressions as  that  contained  within  the  brackets.  For  these 
expressions  m  may  be  supposed  to  have  the  respective  arbitrary 
values  7/?i,  ^2,  ^3,  kc,  and  c  in  ^  to  have  the  corresponding 

27r 
arbitrarv  values  Ci,  €-2,  c^,  &c.,  whilst  q^,  or  -— ,  has  the  same 

value  for  all  the  expressions  embraced  by  the  first  sum  (Si). 
Similarly  for  those  embraced  by  the  second  sum  (22),the  arbi- 
trary quantities  are  m\,  m'^,  ni'^,  &c.,  and  (/i,  c'^,  c'3,  and  q<i, 

2'jr 
or  ^,  is  the  same  in  all.     If  now  account  be  taken  of  the  arbi- 

trary  quantities  that  are  thus  at  disposal,  it  may  readily  be 
shown  that  the  above  equation  may  be  put  under  the  form 
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-J-  =  Cisin(^i5  +  ai)  +  C2sm(2(^i^  +  aj)  +  Cz?>\n{^qxZ  4-  as)  +  &c., 

+  ^18^(5-22  +  a.\)  +  C'2sin(25'2?  +  a'2)  +  C'3sin(3^2'  +  tt'z)  +  &c., 
+  C"isin(^3Z  +  «"i)  +  &c., 

in  which  equation,  it  is  to  be  observed,  all  the  terms  are  periodic 

d^ 
in  such  manner  that  the  mean  of  all  the  values  of  -^—  at  any 

dz  -^ 

given  instant  is  zero.  Since  the  constants  Ci,  C2,  C3,  &c., 
«i)  "ht  "3)  &c.,  are  arbitrary  quantities,  and  not  limited  in  num- 
ber, we  may  by  the  application  of  Fourier  s  Theorem  draw  the 
inference  that  the  series  of  terms  in  the  first  line  of  the  above 

d"^  . 
expression  for  -7— is  capable  of  representing  any  arbitrary  form 

of  vibration  satisf^nng  the  condition  that  at  a  given  instant  the 
velocities  at  positions  separated  by  the  constant  interval  \i  are 
equal.  From  this  conclusion  it  follows  that  the  production  in 
any  manner  of  a  musical  note  whose  wave-length  is  \i  involves 
the  simultaneous  production  of  musical  notes  whose  wave- 
lengths are  -^,  ~,  &c.     Experience  confirms  this  result,  the 

ear  being  able  to  detect,  together  with  the  fundamental  note 
corresponding  to  the  wave-length  \i,  harmonic  notes,  as  they 
are  called,  corresponding  to  the  other  wave-lengths.  If  we 
take  the  first  and  second  series  of  tenns  in  the  expression  for 

—J—,  and  suppose  the  ratio  of  Xi  to  \2  to  be  exactly  equal  to 

that  of  two  low  numbers,  we  shall  have  the  theoretical  expres- 
sion of  musical  concords.  If  \i  be  to  X2  in  a  ratio  expressed 
by  that  of  two  high  numbers  nearly  equal,  the  same  two  series 
will  express  the  phenomenon  of  beats.  In  short,  by  taking  ad 
libitum  the  number  of  the  series  and  corresponding  wave-lengths, 
we  can  express  every  species  of  sound,  from  a  pure  musical 
note  accompanied  by  its  harmonics  to  irregular  and  confused 
noise  ;  and  it  may,  I  think,  be  regarded  as  evidence  that  sounds 
have  actually  the  composite  character  indicated  by  this  theory, 
that  noises  partake  so  far  of  the  qualities  of  notes  as  to  be  re- 
cognizable by  the  ear  as  being  in  some  cases  grave  and  in 
others  acute. 

9.  It  will  now  be  proper  to  introduce  certain  considerations 
which  will  point  out  the  bearing  of  the  foregoing  argument 
on  the  subject  signified  by  the  title  of  this  communication. 
It  has  been  shown  how  it  is  possible,  by  the  aid  of  Fourier's 
theorem,  to  give  a  complete  mathematical  theory  of  aerial 
sounds,  whether  musical  or  unmusical.     But  this  theory  alto- 
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gether  dopends  on  the  a  priori  determination  of  the  laws  of 
those  aerial  vibrations  which  I  have  designated  as  spontaneous, 
which,  aj)art  from  any  particular  motle  of  disturbing  the  air, 
are  found  to  be  expressible  by  definite  mathematical  formula. 
The  reality  of  this  class  of  vibrations  had  been  established  by 
experience,  inasmuch  as  it  had  been  ascertained  that  indepen- 
dently of  particular  producing  circumstances  sounds  are  recog- 
nized by  the  sense  of  hearing  as  consisting  of  fundamental 
notes  and  accompanying  harmonics.  Obviously,  therefore,  the 
accounting  for  such  vibrations  by  abstract  argument  founded 
on  the  general  equations  of  hydrodynamics  was  a  problem 
demanding  solution.  The  appropriate  solution  I  claim  to 
have  given  by  the  process  the  steps  of  which  are  indicated 
in  arts.  5-7  of  the  present  communication.  In  this  research 
no  use  was  made  of  Fourier's  theorem,  because  that  theorem 
depends  on  principles  that  are  analytical,  and  only  as  such 
admits  of  being  applied  in  physical  questions.  But  after 
the  laws  of  the  primary  aerial  vibrations  have  been  deduced 
independently  from  hydrodynamical  principles,  Fourier's 
theorem  is  properly  applied  in  proving  that  all  sounds  may 
be  analytically  represented  by  sums   of  such  vibrations,  and 

d^ 
consequently  in  justifying  the  expression  for  —j-  assumed  in 

art.  8.  For  these  reasons  I  maintain  that  the  mathematical 
investigation  of  spontaneous  vibrations,  which  I  propounded 
originally  in  the  Number  of  the  Philosophical  Magazine  for 
February  1849,  is  an  indispensable  part  of  the  theory  of 
Acoustics,  being  required  to  fill  up  a  lacuna  whereby  the  logic 
of  that  theory  would  otherwise  be  vitiated.  I  have  dwelt  the 
more  on  the  foregoing  evidence  of  the  reality  of  spontaneous 
vibrations  of  the  air,  because  the  same  class  of  vibrations  in 
the  fether  will  have  to  be  taken  into  account  in  the  theory  I 
now  proceed  to  give  of  attractive  and  repulsive  forces  due  to 
ajtherial  undulations.  Other  physical  forces  are  more  im- 
mediately referable  to  steady  motions  than  to  vibrations  of  the 
ajfher. 

10.  The  gether  being  by  hypothesis  a  perfect  continuous 
fluid  defined  by  the  relation  p  —  a^p  between  its  pressure  p  and 
density  p,  I  propose,  in  the  first  instance,  to  attempt  the  solu- 
tion of  the  following  definite  problem  : — A  scries  of  plane 
periodic  waves  of  the  aether  being  incident  on  a  very  small 
fixed  sphere  of  given  radius,  it  is  required  to  find  the  pressure 
at  any  point  of  the  surface  of  the  sphere  at  any  time. 

It  is  supposed  that  in  plane  periodic  waves  the  motion  is  in 
directions  perpendicular  to  a  fixed  plane  and  wholly  vibratory, 
and  that  the  velocity  is  at  each  instant  a  function  of  the  dis- 
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tance  from  the  plane.  As  preliminary  to  the  solution  of  our 
problem,  we  have  to  determine  under  Avhat  hydrodyuamical 
conditions  such  motion  takes  place.  As  long  ago  as  the  year 
1848  I  pointed  out  that  the  exact  solution,  according  to  the 
usually  receiyed  principles  of  hydrodynamics,  of  the  problem 
of  plane-wayes  conducted  to  an  absurd  result,  indicatiye  of 
defect  of  principle.  Subsequently  I  ascertained  that  the  failure 
of  the  reasoning  arose  from  not  previously  taking  into  account 
the  primary  spontaneous  vibrations,  which,  as  already  argued 
in  art.  8,  it  is  logically  necessary  to  employ  for  satisfying 
the  conditions  of  arbitrarily  imposed  motion.  In  the  theory 
of  sounds  it  appeared  that  the  required  conditions  could  be 
fulfilled  by  means  of  sums  of  spontaneous  vibrations  (arts.  8 
and  9).  In  like  manner,  as  I  am  about  to  show,  the  condi- 
tions of  the  problem  of  plane-waves  may  be  fulfilled  by  sums 
of  uncompounded  astherial  vibrations.  It  should,  however,  be 
noticed  that  whereas  for  aerial  vibrations  the  transverse 
motions  might  be  neglected  and  the  factors  /,  g,  h,  &c.  each 
be  taken  to  be  unity,  this  is  no  longer  the  case  when  we  have 
to  deal  with  such  small  wave-lengths  as  those  which  pertain 
to  vibrations  of  the  sether.  Considering,  however,  that  in  the 
proposed  application  of  the  formulas  for  the  primary  vibrations 
the  distance  r  from  the  axis  will  always  be  very  small  com- 
pared with  \,  and  that  the  constant  e  varies  inversely  as  X^,  it 
will  suffice  to  take  /  and  (/  each  equal  to  1  —  er^.     Also,  on 

account  of  the  smallness  of  the  factor  — r,  for  the  aether,  it  will 

a- 

not  be  necessary  to  include  in  the  expression  for  yjr  (art.  7), 
the  terms  beyond  that  which  contains  nr.  These  limitations 
being  admitted,  we  may  proceed  to  find  approximate  expres- 
sions, in  the  case  of  a  set  of  uncompounded  spontaneous  vibra- 
tions, for  the  direct  and  transverse  velocities  and  for  the 
condensation  at  any  point  situated  at  a  given  distance  from 
the  axis. 

11.  Accordingly,  reverting  to  the  expression  of  i/r  in  art.  7, 
we  shall  now  suppose  that 

,          77if  J.    in^Af  .    „  ^ 

-ur  = ^  cos  a  c — jr — •-  sm  2qc, 

'  q  ^  Zqa  ^ 

/being  equal  to  1—er'^.     Also  since  the  numerical  value  of  k 

given  in  art.  7  was  derived  from  the  equation  x^=  ,_^ ..,  and 

2k        .  2h^ 

A  was  substituted  for  57-3 — rr,  it  follows  that  A  =  -^.  Hence, 

putting  a  for  p  —  1,  w  for  -—-,  o)  for   -j-^,  and  deducing  from 

N2 
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the  equation  (/3)  in  art.  7  the  value  of  c  to  terms  of  the 
second  order  with  resjiect  to  m,  the  following  results  may  be 
obtained  : — 

w  i=/  (  m  sni  qi^ ^ —  cos  zy^  J ; 


Now  the  principle  already  adopted  in  the  foregoing  theory 
of  musical  sounds  requires  that  the  plane-waves  of  the  present 
problem  should  be  supposed  to  be  made  up  of  srims  of  the 
spontaneous  vibrations  defined  by  the  above  three  equations. 
I  have  been  compelled,  by  a  logical  necessity,  to  abandon  the 
hypothesis  of  uncompounded  plane-waves  such  as  are  usually 
admitted  in  hydrodynamics,  having  obtained  absurd  results 
when  the  reasoning  on  that  hypothesis  was  made  to  include 
terms  of  the  second  order.  It  will  therefore  be  supposed 
that  the  plane-waves  of  our  problem  are  composed  of  an  un- 
limited number  of  spontaneous  vibrations,  all  in  the  same 
phase  of  vibration  and  having  their  axes  all  parallel,  it  being 
presumable  that  under  these  conditions  the  transverse  vibra- 
tions will  be  wholly  neutralized. 

12.  The  diameter  of  the  sphere  being  assumed  to  be  ex- 
cessively small  compared  with  the  wave-length  \,  the  condensa- 
tion of  the  incident  waves  at  any  point  of  the  sphere's  surface 
will  be  very  nearly  the  same  for  the  composite  waves  above 
described  as  if  they  were  uncompounded  plane-waves.  In  fact, 
as  far  as  regards  the  hemispherical  surface  on  which  the  waves 
are  immediately  incident,  the  two  cases  may  be  treated  as  iden- 
tical ;  but  the  amount  of  condensation  at  points  of  the  other 
hemispherical  surface  will,  in  the  case  of  the  composite  waves, 
depend  in  some  measure  on  limited  lateral  divergence  due  to 
the  composition,  as  will  be  presently  indicated.  This  effect  is 
smaller  as  the  size  of  the  si)here  is  less  ;  so  that  for  a  first  ap- 
|)roximation  we  may  assume  that  the  condensation  on  both 
halves  of  the  surface  of  a  sphere  of  the  size  of  an  atom  is  the 
same  as  if  the  incident  plane-waves  were  not  composite. 
Since  the  motions  in  these  waves  consist  of  harmonic  vibra- 
tions which  produce  no  residual  motion  of  translation  of  any 
particle  of  the  sether,  for  given  increments  (clz)  of  space  the 
increments  of  condensation  in  the  condensed  portion  of  a 
wave  must  at  each  instant  be  just  equal  to  the  decrements ; 
«nd  this  must  be  the  case  also  in  the  rarefied  portion,  although 
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the  moving  force  of  the  aether  is  greater  in  the  condensed 
half  of  the  v.ave  than  in  the  rarefied  half  in  the  proportion  of 
the  greater  density. 

13.  It  is  evident  that  the  condensation  of  an  uncompoiuided 
wave  at  any  point  of  a  plane  cutting  transversely  a  diameter 
of  the  sphere  drawn  in  the  direction  of  the  incidence  of  the 
waves  will  be  the  same  at  all  points  of  this  plane,  excepting 
so  far  as  the  reaction  of  the  sphere  produces  variation  of  the 
condensation  at  and  near  the  spherical  surface.  The  conden- 
sation immediately  due  to  this  reaction  will  be  extremely  small, 
because  it  contains  as  a  factor  the  ratio  of  the  diameter  of  the 
sphere  to  the  wave-length  ('  Principles,'  p.  283).  Hence  the 
accelerative  action  on  the  sphere  will  be  very  nearly  propor- 
tional to  the  moving  force  of  the  fluid  in  a  transverse  plane 
passing  through  the  centre  of  the  sphere  (see  art.  33  of  the 
communication  on  Attractive  and  Repulsive  Forces,  in  the 
Philosophical  Magazine  for  September  1872).  Consequently, 
by  the  argument  at  the  end  of  art.  12,  there  will  be  no  ten- 
dency in  the  incident  waves  to  produce  any  residual  motion  of 
translation  of  the  sphere.  Also,  if  we  take  account  of  the  con- 
densation to  which  the  variation  of  the  motion  of  the  fluid 
along  the  surface  of  the  sphere  is  due,  no  translatorv  action 
will  result  thei'efrom,  because  this  motion  is  just  a^?  much  ac- 
celerated on  one  hemispherical  surface  as  it  is  retarded  on  the 
other,  the  velocity  being  zero  at  each  extremity  of  the  before- 
mentioned  diameter,  and  the  condensation  being  symmetrical 
with  respect  to  a  transverse  plane  passing  through  the  centre 
of  the  sphere.  This,  however,  does  not  apply  to  condensation 
due  to  composite  plane-waves,  because  by  reason  of  the  com- 
position the  condensation  on  the  second  hemispherical  surfaca 
undergoes  alteration,  the  mode  and  amount  of  which  it  is  the 
purpose  of  the  following  investigation  to  determine. 

14.  It  is,  first,  to  be  remarked  that  those  component  vibra- 
tions the  directions  of  the  axes  of  which  cut  the  surface  of  the 
sphere  will  on  that  account  be  intercejjted.  But  notwithstand- 
ing this  circumstance,  inasmuch  as  the  incident  component 
waves,  so  long  as  they  are  not  interrupted,  comport  themselves 
as  if  they  were  not  compounded,  the  amount  of  condensation 
at  any  point  of  the  first  hemispherical  surface  will  in  either 
case  be  the  same.  This  identity,  however,  does  not  hold  good 
as  respects  the  other  hemispherical  surface.  For,  conceive  the 
sphere  to  be  cut  by  any  plane  transverse  to  the  direction  of 
incidence,  and  to  be  enveloped  by  a  cylindrical  surface  the 
axis  of  which  is  in  the  same  direction  ;  then  the  component 
vibrations  whose  axes  pass  through  the  portion  of  this  plane 
which  lies  between  the  sphere  and  the  cylindrical  surface,  will 
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contribute  nothing  to  the  condensation  at  the  surface  of  the 
sphere  if  the  phine  cuts  the  second  hemisjiherical  surface,  be- 
cause in  that  case  their  axes  are  intercej)tc(l  by  the  first 
lieniispherical  surface;  whereas  the  corresponding  components 
will  be  fully  etfective,  as  respects  their  condensation,  at  the 
first  half-surfjice,  because,  although  they  are  reflected  at  this 
surface,  the  eftect  of  the  condensation  accompanying  this  re- 
flection may,  by  what  is  said  in  art.  13,  be  left  out  of  con- 
sideration. It  ap})ears  from  this  argument  that  to  find  the 
whole  accelerative  action  on  the  sphere  we  have  only  to  find 
the  accelerative  action,  on  the  first  hemispherical  surface,  of 
so  much  of  the  incident  waves  as  is  composed  of  the  intercepted 
vibrations,  inasmuch  as  this  action  is  not  opposed  by  corre- 
sponding condensations  on  the  second  hemisphericiil  surface. 

15.  The  investigation  will  be  sufficiently  approximate  for 
our  purpose  after  making  the  following  simplifications  of  the 

expressions  for  w,  co,  and  o- in  art  11.     Since  /c^  =  lH j,  and 

1  7r'^  *""         .  . 

«'  — l=-i,  it  follows  that  e= -rrr,,  and  that  the  value  of/ 

Tj^r^ 
(art.  10)  becomes  1 jr-^.     As,  for  each   set  of  component 

vibrations,  we  shall  have  to  take  account  only  of  distances  r  from 
its  axis  which  are  less  than  the  diameter  of  the  sphere,  and  the 
ratio  of  this  diameter  to  X  is  by  hypothesis  very  small,  it  will 
be  seen  that  the  second  term  of  the  expression  for  /  will  always 
be  excessively  small  compared  with  the  first,  and  in  the  present 

investigation  may  be  neglected.     Thus  we  have  /=  1,  -^  =  0, 

and  consequently 

10 =m  smq^ n —  cos  zq^. 

Oil 

«  =  0, 

Km  .     „     vr  ("1k^  ,     1  \        ^  „  ,     nr 

the  value  of  w  being  substituted  in  the  expression  for  a.  Ac- 
cordingly these  values  of  «',  »,  and  a  relative  to  a  given  axis 
apply  to'«//  points  of  the  portion  of  the  transverse  plane  con- 
tained between  the  spherical  and  cylindrical  surfaces.  Taking 
C  to  be  the  position  of  the  centre  of  the  sj)here  and  P  a  point 
on  its  surface,  let  the  line  PC  make  an  angle  0  with  the  line 
CO  drawn  from  C  to  the  origin  0  of  the  ordinates  z  in  the  di- 
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rection  opposite  to  that  of  the  incidence  and  propagation  of  the 
waves.  Then,  if  b  be  the  radius  of  the  sphere,  the  above-men- 
tioned portion  of  the  transverse  plane  is  equal  to  7ri"-— 7r6'"sin-  d, 
or  irb-  cos-  6.  Also,  if  PM  be  perpendicular  to  the  axis  of  the 
motion,  and  if  0M  =  ^  and  OC=/i,wehave  z  =  h  —  h  cos  d,  and 
z — Kat  +  c  =  Ji  +  c—b  cos  6— Kat.     In  the  subsequent  reasoning 

only  the  first  power  of  the  small  ratio  — r-^^ —  will  be  taken 

into  account,  and  Cq  will  be  substituted  for  h  +  c. 

16.  Assuming  now  that  in  the  incident  waves  the  number 
of  axes  which  pass  through  a  unit  of  space  is  kn,  n  being  a 
cei'tain  stojidard  num1)er  and  k  an  arbitrary  factor,  the  number 
which  will  pass  through  the  portion  Tr^r  cos-  6  of  the  transverse 
plane  is  kmrb-  cos'-  6.  Hence,  if  lo  and  S  represent  respectively 
the  composite  velocity  and  condensation  under  the  supposed 
conditions  of  the  problem,  we  have  (by  the  principle  stated  in 
art.  10)  W  =  ^-«?t'  and  ^  =  kna.     Hence,  supposing  that 

T= ;»  sin  q{cQ~Kat) ^ —  cos  '2q{cQ  —  Kat), 

oo, 

~  sm  ^(^o-««0-  -^  \-^  +  ^i)  COS  2q{cQ-mt), 

we  shall  have,  to  terms  inclusive  of  the  first  power  of  — r — , 

A. 

w = TrA'/ii^cos-  e(T+ -^ .  h  cos  e\ 

\        Ka  dt  / 

^^irhnb"- cos""  eh' +  -^bcose+  ^\ 
\  Ka  dt  4«*a-/ 

Considering,  first,  the  expression  for  S,  we  may  omit  the  terms 

dT 
containing  T'  and  — —  as  factors,  because  they  are  indicative  of 

pressures  which  are  wholly  periodic  at  every  point  of  the 
sphere's  surface,  and  consequently  give  rise  to  no  permanent 
accelerative  action.  The  other  part  of  the  value  of  S  is  inde- 
pendent of  t,  and  shows  that  the  sphere  is  continuously  pressed 
in  the  direction  of  the  incidence  of  the  waves.  The  pressure  at 
any  point  P  being  a'S,  the  pressure  on  the  whole  hemispherical 
surface  estimated  in  the  direction  of  incidence  is 


Trknh 


•nb'^m^  C 
^^y2'7rb''sm6cos'dd0, 


TT 


taken  from  ^  =  0  to  ^  =  ^.    Tliis  gives  for  the  total  mcvang  force 
TT-knbhii^ 
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17.  We  have  next  to  take  account  of  the  effect  of  the  velo- 
city W.  Rcsolvino;  it  into  parts  AV'  sin  6  ami  W  cos  6  respec- 
tively along  and  j)erpendicular  to  the  surface  of  the  sphere, 
the  latter  may,  for  reasons  already  given,  be  left  out  of  account, 
so  that  we  have  only  to  calculate  the  accelerative  action  on  the 
sphere  resulting  from  the  velocity  W  sin  0.  This  velocity 
takes  place  along  the  intersection  of  the  spherical  surface  by 
any  plane  passing  through  the  axis  from  which  0  is  measured, 
inasmuch  as  the  motion  is  evidently  symmetrical  with  respect 
to  this  axis.  Thus  we  have  here  a  case  of  constrained  motion 
uninfluenced  by  the  action  upon  the  fluid  of  any  extraneous 
accelerative  force.  Hence,  if  V  be  the  velocity  at  any  point 
at  any  time  t,  and  </  be  the  corresponding  condensation,  we 
shall  have  by  a  known  formula, 

{l+a')hd0^  \dt)        ' 
or 

dc/  h    dV  ,.     YdV 


1  +  0^  /cV  dt 

But  since  V  =  W  sin  0,  we  get  by  means  of  the  value  of  W  in 
art.  16, 

— -  =  irknb^  sin  0  co&^  ^  (  -^  H r.^  ocos0  I . 

dt  \dt       Koar  / 

Hence,  by  substituting  in  the  last  equation  and  integrating, 

Nap.log(H-ff')=F(0 

'irknb^/dTcos^0       b_fT    cos^  0\        V^ 
"^  ^a''    \dt      3      "^  Ka  df  '     4    )     2K'd' 

Since  by  the  conditions  of  the  question  the  velocity  Y  and  con- 
densation </  pertain  only  to  the  first  hemispherical  surface,  we 

must  have  </  =  0  and  V  =  0  w^here  the  angle  ^  is  3-.  Conse- 
quently F(<)  =  0.  Hence,  if  we  omit  periodic  terms  and  those 
which  as  containing  the  factor  ;-2  are  too  small  to  be  signifi- 

cant,  the  foregoing  equation  gives,  to  the  second  order  of  ap- 
proximation relative  to  the  constant  rn, 
Y2  ^7.2  2/4 

a'V  =  _  1^  =  _  Z^A^ii  T2  sin^  ^  cos"  ^. 
2/c^  2/e^ 

But  T'^  =  7?r  sin  q(co—Kat)=~^  (l — cos  2q(c^)  —  Kat)^,  terms 
containing  higher  powers  of  m  than  the  second  being  omitted. 


of  Attractive  and  Repulsive  Forces.  185 

Suppressing  also  the  periodic  term  in  this  value   of  T  ,  we 
finally  obtain 

a^<r  — j-2 sin^  d  cos*  d. 

The  whole  pressure  on  the  hemispherical  surface  estimated  in 
the  direction  from  0   towards    C    is    27r6^J  a''^</sin^cos  ^c?^, 

taken  from  ^  =  0  to  6=  ^.     The  result  is, 

x^ressure  = -r^-^ 

18.  Combining  with  this  pressure  that  which  was  found  in 
art.  16  to  be  due  to  condensation,  apart  from  the  effect  of  con- 
sti'ained  motion  along  the  surface  of  the  sphere,  the  whole 
pressure,  or  moving  force,  in  the  direction  of  the  propagation 
of  the  waves  is 


or 


/  ^       irknb  Kr\ 
\  6      / 


It  is  important  to  remark  here  that  all  the  literal  quantities  in 
the  second  term  within  the  brackets  have  fixed  values,  if  the 
radius  of  the  sphere  be  given,  excepting  the  arbitrary  factor  k. 
If  the  sphere  be  supposed  to  be  a  physical  atom,  and  the  unit  of 
space  be  not  larger  than  the  ten-millionth  of  a  square  inch,  the 
area  irlP'  referred  to  that  unit  would  still  be  an  exceedingly  small 
fraction.     It  follows  therefore  that  kn  may  be  an  exceedingly 

large  number,  and  at  the  same  time  the  tenn  — — ; be  less 

than  unity.  In  that  case  the  pressure  on  the  sphere  would  be 
in  the  direction  from  0  towards  C,  which  is  that  of  the  propa- 
gation of  the  waves,  and  would  correspond  to  repulsion.  But 
as  ^  is  a  quantity  entirely  arbitrary,  it  may  be  supposed  to 
receive  a  value  which  would  make  that  term  greater  than  unity; 
in  which  case  the  resulting  pressure  would  be  in  the  opposite 
direction,  and  would  correspond  to  attraction. 

19.  These  conclusions  completely  justify  the  theoretical 
views  respecting  atomic  repulsion  and  molecular  attraction 
which  I  communicated  in  an  article  on  "A  Mathematical 
Theory  of  Heat,"  contained  in  the  Philosophical  Magazine  for 
March  1859.  Similar  views  are  advocated  in  the  theories  of 
heat  and  of  molecular  attraction  proposed  in  the  '  Principles 
of  Physics,'  pp.  459-465  ;  but  the  reasoning  is  there  satiated 
by  the  admission  of  the  hypothesis  (subsequently  rejected) 
that  the  condensation  emanating  from  a  centre  varies  inversely 
as  the  square  of  the  distance  from  the  centre  instead  of  in- 
versely as  the  distance.     In  the  article  above  mentioned  I 


186  Prof.  CLallis  on  the  Ilydrodyncuidcal  Theory 

have  argued  more  correctly  as  follows : — "  If  we  suppose 
■waves  of  condensation  to  be  propagated  from  all  the  atoms 
contained  in  a  spherical  space  of  radius  r,  the  condensation 
resulting  from  the  composition  of  the  waves  at  any  distance 
W  from  the  centre  of  the  sphere  very  largo  compared  with  r, 
will  vary  \_quam  pro.riniel  as  the  number  of  atoms — that  is,  as 
r'  directly,  and  as  R  inversely  [the  atoms  being  supposed  to 
be  evenly  distributed  over  the  spherical  space] .  If,  now,  we 
take  another  sphere  of  larger  radius,  /,  and  another  point 
whose  distance,  B,',  from  the  centre  of  the  sphere  is  such 

that  T^=fT/j  ^^^^  ^^16  condensation  at  the  first  point  is  to  the 

condensation  at  the  other  as  p  *o  :^, ;  that  is,  as  r^  to  7*'^,  or 

as  R^  to  R'^.  Hence,  however  small  may  be  the  condensation 
propagated  from  a  single  atom,  the  resulting  condensation 
from  an  aggregation  of  atoms  in  a  spherical  space  may  be  of 
sensible  magnitude  at  considerable  distances  from  the  centre, 
if  the  number  of  atoms  in  the  given  space  be  very  great. 
The  dynamical  effect  of  these  compound  waves  on  a  particular 
atom  may  be  investigated  in  the  same  manner  as  the  effect  of 
■waves  pro]iagated  from  a  single  atom.  ...  In  this  manner  it 
is  conceivable  that  while  the  individual  atoms  are  repulsive  to 
each  other,  an  aggregation  of  atoms  may  give  rise  to  a  con- 
trollino;  attraction." 

20.  The  assertion  in  the  last  sentence  of  the  above  quotation 
admits  of  being  confirmed  as  follows  by  results  obtained  in 
the  present  communication.  The  waves  emanating  from  a 
single  atom  may  be  considered  to  be  composite  waves,  as  being 
the  result  of  the  reactions  at  its  surface  consequent  upon  the 
incidence  thereon  of  waves  from  all  surrounding  atoms.  Now 
it  may  well  be  supposed  that  the  value  of  kn  for  these  com- 
posite waves  at  a  distance  from  their  origin  equal  to  that  of 
one  of  the  nearest  atoms,  is  not  of  sufficient  amount  to  make 
the  expression  in  art.  18  for  the  pressure  on  this  atom  a 
negative  quantity.  Accordingly  adjacent  atoms  will  be 
mutually  repulsive.  If  we  next  take  a  group  of  atoms  evenly 
distributed  in  a  certain  spherical  space,  it  is  supposable  that 
the  spherical  waves  resulting  from  the  composition  of  the 
waves  from  all  the  atoms  in  the  space  may  still  act  repulsively 
on  the  atoms  situated  at  the  boundary,  and  that  thus  there 
will  only  be  repulsive  action  between  the  atoms  throughout 
the  spherical  space.  It  is  certain,  how-ever,  from  what  is 
shown  in  art.  19,  that,  on  increasing  still  further  the  magni- 
tude of  the  space,  a  value  of  kn  will  be  reached  which  corre- 
sponds to  attractive  action  on  an  atom  at  the  boundary,  and 
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that  consequently  beyond  a  certain  limit  of  magnitude  the 
attractive  action  at  the  boundary  of  the  spherical  space  may 
exceed  the  repulsive  action.  In  that  case  the  atoms  of  the 
space  may  be  conceived  to  be  divided  into  component  groups, 
the  atoms  of  each  of  which  are  mutually  repulsive  as  far  as 
depends  on  the  dynamical  effect  of  their  proper  waves  ;  and  it 
is  evident  that  under  these  circumstances  the  groups  will  also 
be  mutually  repulsive.  Those  groups  situated  near  the  centre 
of  the  spherical  space  will  be  kept  in  equilibrium  in  great 
measure  by  their  mutual  repulsions  ;  but  in  proportion  as  a 
group  is  further  from  the  centre  it  will  be  acted  upon  in  the 
direction  from  the  centre  by  a  residual  repulsion  which  re- 
quires to  be  counteracted  by  attractive  action  towards  the 
centre.  The  latter  force  is  supplied  by  the  waves  composed 
of  the  individual  emanations  from  the  whole  number  of  atoms, 
for  which  waves  kn  will  be  a  very  large  nmnber.  The  least 
number  of  atoms  of  a  given  substance  which  constitute  a  mass 
which  is  thus  self-contained  may  be  called  a  molecule  of  that 
substance.  It  has  long  appeared  to  me  that  the  received 
mode  of  attributing  attractive  and  repulsive  forces  to  occult 
virtues  emanating  from  particles  or  points  leaves  wholly  un- 
explained why  some  forces  are  repulsive  and  others  attractive. 
This  fact  is  fully  explained  by  the  present  theory,  which  ac- 
counts for  such  diverse  action  of  forces  by  modes  of  i:)ressure  of 
the  a^therial  medium. 

21.  I  do  not  propose  to  discuss  here  the  effect  of  the  inci- 
dence of  a  series  of  waves  on  a  movable  sphere.  This  is  the 
case  of  Example  YII.  in  the  '  Principles  of  Physics,'  a  solu- 
tion of  which  to  small  quantities  of  the  first  order  is  given 
in  pages  296-298.  Another  solution,  including  terms  of  the 
second  order,  which  is  attempted  in  pages  446-452  of  the 
same  work,  I  subsequently  found  to  be  faulty  on  account  of 
its  invoMng  the  supposition  of  uncompounded  plane-waves. 
I  believe,  however,  that  the  conclusion  arrived  at  in  p.  452, 
namely  that  the  accelerative  action  on  a  movable  sphere  has 
a  constant  ratio  to  that  on  a  fixed  sphere,  admits  of  being 
satisfactorily  established. 

22.  The  atomic  and  molecular  forces  to  which  the  foregoing 
theory  applies  are  usually  said,  on  experimental  grounds,  to 
have  sensible  efiects  only  at  insensible  distances  from  their 
centres  of  emanation.  This  description  is  in  agreement  with 
the  present  theory,  as  will  appear  from  the  following  conside- 
rations. In  the  expression  obtained  in  art.  18  for  the  whole 
pressure  on  a  single  atom  resulting  from  the  incidence  upon 
it  of  the  waves  from  all  the  atoms  of  a  given  spherical  group, 
we  may  suppose  the  value  of  tn,  at  any  distance  R  from  the 
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centre  of  the  group  large  compared  with  its  radius,  to  be  !z  very 

nearly,  fi  being  a  certain  constant.  In  case  the  pressure  act 
repulsively,  the  quantity  in  brackets  will  be  positive  ;  and 
it  may  readily  be   shown  that  the  repulsion  is  a  maximum 

3 

if  Trknl)-   be  equal   to   — ,   which    is  equal  to   2   nearly,   the 

numerical  value  of  k  being,  according  to  theory,  1"210G 
('  Principles,'  p.  221).     Hence  that  maxinmm  repulsion  is 

^.|,  or  ^(0-1828^')  nearly. 

It  will  thus  be  seen  that  on  account  of  the  exceedingly  minute 
value  of  h  the  radius  of  an  atom,  this  repulsion  is  of  insensible 
magnitude  at  very  small  distances  from  the  centre  of  the 
group.  If  we  now  suppose  the  atoms  of  the  group  to  con- 
stitute a  molecule,  the  numerical  quantity  kn  would  be  very 

much  larger,  and  the  factor  1 -; —  might  become  a  large 

negative  quantity.     Yet,  as  the  expression  for  the  attractive 

action  thus  indicated  would  still  contain  the  factor  -^^^  and  it 

is  known  that  the  diameter  of  a  molecule  must  be  a  very 
small  quantity,  the  attraction  would  become  insensible  at  very 
minute  distances  from  the  centre  of  the  molecule,  although 
the  sphere  of  sensible  activity  would  be  very  much  larger 
than  in  the  preceding  case  of  maximum  repulsion.  Accord- 
ingly in  all  cases  repulsion  is  controlled  by  attraction  (with 
the  exception,  under  certain  conditions,  of  the  atomic  repul- 
sion of  gases)  ;  and  the  theory  thus  accounts  for  an  excess  of 
attraction  above  repulsion  at  the  boundaries  of  bodies,  such 
as  that  to  which  the  phenomena  of  capillary  attraction  have 
been  attributed. 

23.  On  proceeding  to  the  consideration  of  spherical  atomic 
groups  of  larger  magnitude  than  those  the  attractive  action 
of  which  suftices  to  make  a  molecule  self-contained,  special 
hydrod>iiamical  circumstances  have  to  be  taken  into  account, 
the  discussion  of  Avhich  is  necessary  as  a  preliminary  to  the 
hydrodynamical  theory  of  the  attraction  of  gravity.  It  has 
been  shown  (art.  19)  that  the  intensities  of  the  composite 
waves  originating  in  two  spherical  atomic  groups  are  to  each 
other,  at  distances  nR,  nW  from  their  centres  which  are 
large  multiples  of  their  radii  R  and  R',  in  the  })ro])ortion  of 
R^  to  R'-.  Hence  it  follows  that  the  intensity  might  be  in- 
definitely increased  by  increasing  the  magnitude  of  the  atomic 
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group  ;  and  it  might  be  supposed  that  the  attractive  action 
would  be  proportionately  increased,  so  as  to  be  capable  of  pro- 
ducing sensible  effects  at  distances  from  the  boundaries  of 
bodies  much  beyond  the  sphere  of  activity  of  capillary  attrac- 
tion. This,  as  matter  of  experience,  is  not  the  case  ;  and  the 
fact  that  such  effects  are  not  perceived  is  theoretically  accounted 
for  as  follows  : — 

24.  It  is  to  be  considered,  first,  that  the  motions  resulting 
from  the  composition  of  all  the  minor  waves  must  consist  of 
harmonic  vibrations,  because  the  opposite  motions  of  any 
particle  towards  and  from  the  centre  of  the  waves  must  be 
equal — and,  again,  that  the  value  of  \  for  the  breadth  of  these 
composite  waves  is  greater  as  the  number  of  the  components, 
and  consequently  the  intensity  of  the  compound  wave,  is 
greater.  Although  as  respects  the  setherial  vibrations  con- 
cerned in  atomic  repulsion  and  molecular  attraction  the  ex- 
cursus of  an  aetherial  particle  might  not  exceed,  and  might 
even  be  nmch  less  than,  the  diameter  of  the  atom  on  which 
they  are  incident,  in  the  case  of  the  much  larger  vibrations 
compounded  as  above  stated  the  excursus  of  the  particle  must 
be  supposed  very  much  to  exceed  that  diameter.  In  fact  the 
total  motion  would  in  this  case  approximate  to  that  of  a  stream 
in  the  direction  of  the  propagation  while  the  condensed  half 
of  the  wave  is  passing  the  fixed  sphere,  and  of  a  stream  in  the 
contrary  direction  while  the  rarefied  half  is  passing.  Now  it 
is  known  that  if  a  uniform  steady  stream  be  incident  on  a 
fixed  sphere,  the  consequent  condensation  at  the  surface  of 
the  sphere  will  be  symmetrical  Avith  respect  to  a  transverse 
plane  passing  through  its  centre,  and  that  thus  there  will  be 
no  accelerative  action  on  the  sphere.  Accordingly  it  may  be 
supposed  that  the  two  streams  above  mentioned  produce 
separately  little  eflFect,  and  that,  as  they  flow  in  opposite  direc- 
tions, the  residual  effect  is  extremely  small.  This  will  account 
for  the  molecnlar  attraction  of  a  very  large  group  of  atoms 
not  being  proportionate  to  the  magnitude  of  the  group. 

25.  There  is,  however,  a  residual  effect,  which,  in  fact,  is 
the  attraction  of  gravity,  the  origin  and  amount  of  which  may 
be  ascertained  by  reference  to  Poisson's  well  knowm  solution 
of  the  problem  of  the  resistance  of  the  air  to  a  ball-pendulum. 
According  to  that  solution  the  ball  at  a  given  instant  is  com- 
municating to  the  air  in  the  direction  opposite  to  that  of  its 
motion  a  momentum  equal  to  a  mass  of  air  of  its  own  size 
multiplied  by  its  velocity  at  that  instant.  By  analogous 
reasoning  it  is  proved,  in  the  case  of  waves  incident  on  a  fixed 
sphere,  that  there  is  communicated  to  the  fluid  by  the  reaction 
of  the  sphere  at  a  given  instant,  in  the  direction  of  the  motion 
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of  the  fluid,  a  momentum  ecinal  to  u  mass  of  fluid  of  the 
density  of  the  contiguous  fluid  and  of  the  size  of  the  sphere, 
multiplied  by  the  velocity  with  which  the  fluid  at  that  instant 
crosses  a  transverse  plane  through  the  centre  of  the  sphere 
('  Principles  of  Physics,'  p.  284).  Hence,  if  M  he  the  magni- 
tude of  the  splu're,  pi(l+o-)  the  density  of  the  fluid,  and  V 
its  velocity  at  the  above  mentioned  })lane,  the  momentum  is 
Mpi(l  +  o-)V.  The  corresponding  quantity  for  the  rarefied 
half  of  the  wave  is  —  Moi(l  — o-)V.      The  sum  of  these  is 

2Mp  V^ 
2M/0iO-V,  which,  since  V  =  Kaa  nearly,  is  equal  to  — -- — .   This 

is  the  impulse  given  to  the  fluid  at  the  given  instant  in 
the  direction  of  propagation,  and  measures  the  reaction  of 
the   fluid    on    the   sphere    in    the    contrary    direction.      Let 

V  =  msin(?^+C).     Then  V^  =  ^'(l-cos(^^2C)). 

Omitting  the  periodic  part,  we  shall  have  for  the  constant 
part  of  the  impulse,  or  moving  force,  towards  the  origin  of 

the  waves  — ~ — .     If  the  mass  of  the  sphere  be  MA,  the 
Ka 

2 

accelerative  force  is  ^ — ,  which,  it  should  be  observed,  is 

independent  of  the  magnitude  of  the  sphere.  This  result  ex- 
presses the  force  of  gravity  as  due  to  the  attractive  action  of  a 
molecule  of  a  higher  order  as  to  maonitudc  than  the  molecule 
of  molecular  attraction.  For  distinction,  a  molecule  of  this 
superior  order  might  be  called  a  gravity-molecule.  Its  magni- 
tude may  still  be  considered  to  be  so  small  that  in  comparison 
with  the  magnitudes  of  terrestrial  and  cosmical  masses  it  may 
be  treated  as  an  infinitesimal  quantity.  Hence,  since  accord- 
ing to  the  theory  the  attraction  of  each  gravity-molecule  is 
independent  of  the  attraction  of  all  others,  the  process  by 
w^hich  the  calculation  of  the  attraction  of  masses  will  have  to 
be  performed  is  in  accordance  Avith  the  usually  received  prin- 
ciples. The  factor  ???,  relative  to  a  given  series  of  Avaves, 
varies  inversely  as  the  distance  from  their  origin,  so  that  tr? 
varies  inversely  as  the  square  of  the  distance,  which  is  the  law 
of  gravity.  It  is  particularly  to  be  noticed  that  whereas  the 
expressions  for  atomic  repulsion  and  molecular  attraction  in- 
volve the  magnitudes  of  the  atoms,  the  force  of  gravity  acce- 
lerates equally  atoms  of  different  sizes,  which  accounts  for  all 
bodies  descending  towards  the  earth  with  the  same  velocity 
when  acted  upon  by  the  earth's  attraction.  Lastly,  it  is  to 
be  noticed  that,  on  account  of  the  large  value  of  \  for  gravity- 
waves,  thev  do  not  suffer  sensible  retardation  or  refraction  in 
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passing  through  gross  bodies.  I  have  on  several  previous 
occasions  treated,  of  the  problem  of  graAdtating  force  theoreti- 
cally, and  by  slow  steps  have  approximated  to  its  solution  ; 
but  before  the  present  attempt,  I  had  not  succeeded  in 
exhibiting  satisfactorily  the  rationale  of  this  kind  of  attraction 
by  vibrations. 

26.  In  concluding  this  communication,  I  beg  to  call  the 
attention  of  mathematicians  to  the  different  applications  I  have 
made  of  those  laws  of  the  mutual  action  of  the  parts  of  an 
elastic  fluid  which  for  brevity  I  call  s2)07itaneous  vibrations. 
The  mathematical  theory  of  these  vibrations  I  gave  first  in 
the  Philosophical  Magazine  for  May  1849  ;  afterwards  I  ap- 
plied them  in  accounting  for  the  ■polarization  of  light  in  the 
undulatory  theory  (Philosophical  Magazine  for  December  1852, 
and  '  Principles  of  Physics,'  pp.  331-338) ;  and  in  the  present 
communication  I  have  shown  that  they  constitute  an  essential 
part  of  the  a  priori  theory  of  music,  and  that  it  is  necessary  to 
introduce  them  in  hydrodynamical  theories  of  atomic  repulsion 
and  molecular  attraction.  Apart  from  the  argument  which  I 
have  elsewhere  insisted  upon,  that  these  vibrations  have  been 
arrived  at  by  logical  deduction  from  the  premises  of  hydro- 
dynamics, the  fact  of  their  being  capable  of  application  in 
theories  so  various  in  kind  and  important  in  character  as  those 
above  mentioned  ought,  I  think,  to  be  regarded  as  confirmatory 
of  their  truth. 

Cambridge,  July  22,  1876. 


XXIV.   On  some  Phenomena  of  Induced  Electric  Sparks. 
By  S.  P.  Thompson,  B.A.,  B.Sc* 

[Plate  n.] 

1.  ri^HE  observations  communicated  in  this  paper  are  the 
JL  result  of  an  investigation  into  the  phenomena  dis- 
covered in  November  1875,  in  Newark,  N.  J.,  by  Messrs.  T.  A. 
Edison  and  C.  Batchelor,  and  alleged  to  demonstrate  the  ex- 
istence of  a  new  form  of  energy.  A  detailed  memoir  of  the 
phenomena  has  since  appeared  in  the  '  Quarterly  Journal  of 
Science  '  f,  by  Dr.  G.  M.  Beard,  of  New  York,  who  accepts, 
with  some  hesitation,  the  hypothesis  of  a  new  force. 

2.  When  a  galvanic  current  passing  through  the  coils  of  an 
electromagnet  is  rapidly  interrupted,  minute  bright  sparks 
can,  at  the  moment  of  interruption,  be  drawn  from  the  electro- 

*  Commuaicated  by  the  Physical  Society. 

t  "  The  newly-discovered  Force,"  by  George  M.  Beard,  A.M.,  M.D., 
New  York  (Quarterly  Journal  of  Science,  No.  L,  April  1876). 
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maornot-core  by  an  eartli-wirc  or  by  any  conducting  substance 
held  in  tho  hand  and  presented  to  the  core  *.  These  sparks 
are  best  seen  when  tlie  electromao;net-coils,  interrupter,  and 
battery-cells  are  completely  insuhited  from  the  ground.  The 
substitution  of  a  bar  of  any  metaUic  substance,  or  even  carbon 
or  wood  coated  with  tinfoil,  in  place  of  the  iron  core  of  the 
electromagnet,  does  not  prevent  the  production  of  the  spark. 
With  bars  of  zinc  or  cadmium,  or,  better  still,  of  either  of  these 
metals  amalgamated  on  the  surface,  the  sparks  are  brighter. 

The  minuteness  of  the  sparks  makes  observation  of  them  a 
matter  of  some  difficulty ;  between  two  points  of  graphite 
pencils  in  a  dark  box  they  are  more  readily  seen.  They  are 
conducted  by  all  met<allic  bodies,  and  by  the  body ;  and  even 
pass  into  insulated  conductors  of  large  surface,  apparently  re- 
quiring no  com})letion  of  the  circuit.  This  circumstance, 
however,  as  well  as  the  supposed  inabihty  of  the  sparks  to  pro- 
duce any  indications  upon  the  galvanometers  and  electroscopes 
of  ordinary  use,  may  be  explained  by  a  further  knowledge 
of  their  nature.  It  was  this  apparent  lack  of  polarity  in 
the  nature  of  the  discharge  that  led  to  the  adoption  of  the 
hypothesis  of  a  new  form  of  energy ;  and  the  assumption 
seemed  further  to  be  borne  out  by  an  apparent  absence  of 
physiological  effect. 

T?wo  forms  of  the  apparatus  at  first  employed  to  produce 
the  sparks  in  question  are  given  in  figs.  1  &  2.  In  the  first 
case,  where  the  circuit  was  rapidly  interrupted  by  an  auto- 
matic vibrator,  the  sparks  were  drawn  from  the  electromagnet- 
core  or  from  the  vibrating  armature.  In  the  second  they 
were  drawn  from  a  bar  of  metal  placed  above,  but  not  in  con- 
tact with,  an  electromagnet  in  a  circuit  completed  by  a  depressor 

key. 

3.  Careful  repetition  of  the  experiments  failed  to  elicit 
evidence  of  polarity  in  the  spark,  or  to  procure  response  to 
the  ordinary  electrical  tests.  And  the  wish  to  obtain  further 
information  upon  the  nature  of  this  peculiar  discharge  by- 
studying  its  effects  in  illuminating  the  rarefied  gases  of 
vacuum-tubes,  rendered  it  necessary  to  seek  a  means  of  more 
plentiful  production,  and  to  abandon  the  methods  of  the 
orio-inal    investigators  already  described;    for  the  sparks  so 

*  As  an  inten-upter  almost  any  form  will  answer ;  a  Morse  key  is  good 
for  slow  interruptions  by  hand ;  or  an  automatic  vibrator,  similar  to  the 
"  break ''  of  an  inductiou-coil  may  be  employed.  Similar  sparks  have 
doubtless  been  often  noticed  by  those  who  have  used  any  form  of  appa- 
ratus involving  rapid  interruption  of  the  current,  and  as  often  attributed 
to  defective  insulation.  The  writer  of  this  paper  observed  the  same  thing 
some  years  ago  in  a  trembler  of  particularly  good  construction,  and  in 
vain  rewound  the  coils  in  hope  of  eliminating  the  supposed  leak. 
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obtained  had  never  exceeded  the  quarter  of  a  millimetre  in 
length,  and  were  quite  incapable  of  producing  a  luminous 
discharge  through  a  small  vacuum-tube. 

The  following  experiments  led  to  the  method  desired : — 
A  rod  of  soft  iron  20  centims.  in  length  was  wrapped  in 
folds  of  vulcanized  sheet  rubber  to  a  thickness  of  2  centims. 
Around  the  exterior  of  this  150  centims.  of  stoutly  insulated 
copper  wire  were  wound.  One  end  of  this  wire  was  connected 
with  one  terminal  of  the  secondary  wire  of  a  small  induction- 
coil*,  the  otherendwasbrought  within  15  millims.  of  the  other 
terminal.  The  intent  of  this  arrangement  was  to  pass,  as  in 
the  pre^-ious  experiments,  an  intermittent  current  around  a 
metallic  conductor.  When  the  coil  was  set  in  action  the 
secondary  currents  passed  with  rapid  discharge  across  the 
interval  of  about  15  millims.  between  the  end  of  the  wire  and 
the  terminal ;  and  it  was  then  found  that  sparks  of  several 
millimetres  length  could  be  di-awn  from  the  iron  rod  within 
the  folds  of  vulcanized  rubber  by  an  earth-wire,  or  by  the 
finger,  or  by  any  conductor  held  in  the  hand.  It  was  found 
impossible  to  convey  anv  charge  from  the  iron  rod  by  a  proof- 
plane  to  an  electroscope ;  and  on  leading  a  wire  to  a  sensitive 
long-coil  galvanometer  by  CoUadon  no  deflection  was  obtained, 
though  the  sparks  were  drawn  from  the  \\'ire  beyond  the 
galvanometer,  through  which  the  force  thus  manifesting  itself 
must  therefore  have  passed.  Identical  effects  followed  the 
substitution  of  bars  of  copper,  cadmimn,  and  zinc  for  the 
iron  rod. 

It  was  next  ascertained  that  no  perceptible  difierence  of 
potential  existed  between  the  two  ends  of  the  metal  rod,  and 
none  between  the  ends  and  the  median  portion.  The  spark 
could  be  drawn  indifferently  at  either  end,  or  at  the  middle, 
but  not  from  two  points  at  once ;  nor  could  it  be  led  by  an 
insulated  wire  from  one  point  of  the  bar  to  another.  Other 
metallic  objects  in  the  neighbourhood  of  the  bar  became 
similarly  affected  ;  and  from  them  sparks  could  be  drawn. 
These  effects  were  augmented  when  the  distance  of  15  millims. 
over  which  the  secondary  current  of  the  coil  discharged  itself 
as  a  spark  was  increased  to  20  millims.  They  diminished 
when  the  distance  was  reduced  to  5  millims.,  and  ceased 
entirely  when  the  interval  was  reduced  to  nothing,  so  that  the 
secondary  current  of  the  coil  passed  along  unbroken  metallic 
connexions.     The   conclusion  to  which  these  results  pointed 

*  Tbis  coil,  capable  of  throwing-  sparks  of  50  millims.  length  with  two 
cells  of  Grove's  element,  was  employed  in  most  of  the  succeeding  experi- 
ments. Each  piece  of  apparatus  used,  including  the  cells  of  the  battery, 
was  cai'efullv  insulated  from  the  table. 
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was  apparently  that  the  effect  was  one  of  surface-charge. 
Tliis  surmise  might  be  directly  tested  by  increasing  the  size 
of  the  metallic  core  and  the  number  of  surrounding  turns  of 
wire. 

4.  The  arrangement  next  to  be  described*,  and  shown  in 
diagram  at  fig.  3,  was  therefore  directly  suggested  hy  the 
preceding  experiments.  It  remained  practically  unchanged 
in  the  subsequent  investigation.  A  large  Leyden  jar  was 
taken  and  its  inner  and  outer  surfaces  joined  by  a  metallic 
wire,  constituting  it  simply  a  conductor  of  large  surface. 
Around  it  were  wrapped  sheets  of  vulcanized  rubber  to  a 
thickness  of  25  millims.  About  this  again  were  coiled  about 
30  metres  of  stoutly  insulated  copper  wire  f.  As  before,  one 
end  of  this  wire  was  led  to  the  terminal  T'  (fig.  3) — the  other 
end,  10,  being  placed  near  the  terminal  T,  and  so  adjusted  that 
the  distance  to  T  might  be  increased  or  diminished  at  will. 

5.  When  the  coil  was  set  in  action,  sparks  could  be  drawn 
by  an  earth-wire,  C,  from  the  knob  of  the  accumulator,  Q. 
When  the  discharging-distance  of  the  coil  to  T  was  less  than 
5  millims.,  the  sparks  drawn  from  Q  were  minute,  not  ex- 
ceeding 1  milliin.  in  length,  destitute  of  perceptible  physio- 
logical action,  producing  no  deflection  when  led  through  an 
ordinary  needle-galvanometer,  and,  as  before,  were  incapable 
of  imparting  any  charge  to  a  proof-plane. 

When  %o  was  removed  to  a  distance  of  10  millims.  from  T 
the  sparks  at  Q  were  larger  and  brighter ;  when  the  distance 
was  increased  to  20,  25,  and  30  millims.  successively,  the 
sparks  drawn  at  Q  were  much  more  vivid  and  exceeded 
10  millims.  in  length.  These  sparks,  though  producing  com- 
paratively little  etiect  in  contracting  the  muscles  of  the  arm, 
were  excessively  painful  and  penetrating  to  the  nen'es  of  the 
skin.     Their  light  was  brightest  Avhen  they  passed  between 

*  It  will  be  plain,  from  the  subsequent  details,  that  this  arrangement 
plays  the  part  of  an  accumulator  or  condenser,  the  interior  surface  of 
which  is  represented  by  the  Leyden  jar,  the  exterior  being  represented  by 
the  wire  coiled  outside.  A  Leyden  jar  is  not  essential;  any  cylindrical 
conductor  is  as  good  if  of  large  surface ;  and  a  sheet  of  tinfoil  laid  upon 
the  exterior  of  the  insulating  material  is  more  effective  than  50  metres  of 
covered  wire  wound  round  it.  The  precise  form  of  the  accumulator  is 
immaterial ;  but  thorough  insulation  must  be  secured.  The  above  ar- 
rangement is  preferred  because  its  parts  are  analogues  of  those  of  the 
experiments  that  suggested  it.  The  knob  of  the  jar  is  moreover  con- 
venient for  drawing  sparks  from. 

t  To  avoid  confusion,  in  fig.  3  the  condenser  arrangement  is  given  in 
diagram,  D  standing  for  the  insulating  folds  of  nibber,  P  for  one  con- 
densing surface  (the  external  wire  coils),  Q  for  the  other  condensing  sur- 
face (the  Leyden  jar,  which  acts  in  this  combination  as  if  made  of  one 
piece  of  metal). 
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poles  of  zinc,  mercury,  or  carbon.  Their  brilliance  was 
augmented  and  their  length  was  increased  to  above  20  millims. 
when  It?  was  withdrawn  so  far  from  T  that  only  a  faint  brush 
discharge  passed  across  from  ?c  to  T,  a  distance  of  about 
50  millims. ;  and  a  still  greater  effect  was  produced  when  T 
was  directly  connected  M^ith  earth.  This  modification  virtually 
changed  the  arrangement  to  that  indicated  in  fig.  4  *. 

6.  TVlien  the  spark  obtained  between  Q  and  the  earth-wire 
C  exceeds  4  millims.  in  length,  it  is  capable  of  illuminating  a 
small  vacuum-tube.  The  illumination  diifers,  however,  in  a 
remarkable  manner  from  that  produced  by  the  ordinary  direct 
discharge  of  the  induction-coil.  Instead  of  the  usual  pheno- 
mena of  a  small  brush  of  light  at  the  positive  pole,  and  a 
bright  aureole  or  gloAv  surrounding  the  negative  pole,  the 
illumination  is  symmetrical,  alike  at  each  pole,  having  both 
bnish  and  glow  at  each,  and  is  unaltered  bv  reversing  the 
primary  circuit  of  the  coil.  An  occasional  flash,  however, 
seemed  to  glow  at  one  pole  or  at  the  other. 

On  making  single  contacts  by  holding  the  break-piece  of 
the  induction-coil  in  the  fingers  the  effect  was  as  follows : — 
at  each  make-of-contact  no  illumination  ;  at  each  break-of- 
contact  an  illumination  of  the  same  symmetrical  nature,  afford- 
ing no  evidence  of  polarity  of  discharge  in  one  direction  more 
than  in  another. 

7.  To  ascertain  whether  the  discharge  at  the  two  poles  was 
simultaneous  or  alternating,  a  rotating  mirror  was  placed  be- 
side the  vacuum-tube.  The  images  were  found  to  be,  roughly 
speaking,  alternate,  the  discharges  being  alternately  from 
either  pole.  The  irregularity  of  the  alternation  appeared  to 
be  dependent  partly  upon  the  distribution  of  the  resistances 
in  the  circuit,  partly  upon  the  irregularities  in  the  vibrations 
of  the  break.  The  occasional  flashes  of  light  at  one  pole  or 
the  other  were  explained  by  the  occasional  appearance  in  the 
mirror  of  two  contiguous  images  ha'v'ing  the  same  position, 
indicating  the  occurrence  of  two  consecutive  discharges  in  the 
same  direction. 

With  rotating  slits  the  same  phenomenon  of  reciprocating 
discharge  was  observed,  though  less  advantageously. 

*  Since  the  communication  of  these  experiments  to  the  Physical  Society, 
my  attention  has  been  called  to  an  article  in  the  Journal  of  the  Franklin 
Institute  for  June  1871,  by  Prof.  E.  J.  Houston,  of  Philadelphia,  where, 
under  the  title  of  "  A  New  Connexion  for  the  Induction-coil,"  he  de- 
scribes a  somewhat  similar  arrangement,  in  which  an  insulated  conductor 
is  employed  in  connexion  with  the  coil.  With  this  combination  Prof. 
Houston  observed  some  ciirious  effects  of  induction  in  neighbouring 
bodies  :  but  he  seems  to  have  thought  them  due  to  escape  of  electricity, 
and  apparently  had  no  suspicion  of  the  real  nature  of  the  sparks  so 
produced. 
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8.  One  terminal  of  a  long-coil  Thomson's  reflecting  galva- 
nometer, by  Elliott  Bros.,  was  put  to  earth,  the  other  being 
coniiectctl  with  Q  (fig.  3).  When  the  distance  xc  T  was  less 
than  a  niillims.  no  deflection  was  produced  upon  the  needle 
and  mirror,  a  tremor  being  the  only  rcf^ult.  But  when  the 
distance  ic  T  was  gradually  increased,  and  the  secondary  dis- 
charge had  consequently  to  accumulate  upon  its  conductors 
to  acquire  sufficient  density  to  overleap  the  resistance  of  the 
increased  thickness  of  air  between  ic  and  T,  the  tremulous 
motion  of  the  galvanometer-needle  became  much  more  marked, 
the  spot  of  light  wandering  about  on  either  side  the  zero  of 
the  scale,  never  at  rest,  but  showing  no  permanent  deflection. 
When  the  distance  w  T  Avas  increased  to  nearly  50  millims. 
the  brisk  flow  of  sparks  gave  place  to  the  brush  discharge, 
varied  only  by  the  passage  of  an  occasional  spark.  In  this 
case  the  Avanderings  of  the  spot  of  light  on  the  scale  Avere 
still  more  exaggerated,  the  needle  ap})arently  being  turned 
little  by  little  with  an  increasing  deflection  during  some 
twenty  or  thirty  vibrations  of  the  contact-breaker  of  the  coil^ 
then  receiving  a  sudden  iuipetus  in  the  opposite  direction 
as  the  secondary  spark  discharged  across  the  interval  xoT. 
This  result  was  entirely  confirmatory  of  the  occasional  flashes 
previously  observed  in  the  vacuum-tube,  Avith  Avhich,  on  further 
examination,  the  more  violent  oscillations  of  the  gaKanometer- 
needle  Avere  found  to  be  simultaneous.  The  experiment  also 
accords  Avith  the  previous  observations  of  physicists  Avith  re- 
spect to  the  oscillations  of  the  induced  currents  of  the  coil. 
It  explains,  too,  why  Avith  an  ordinary  needle-galvanometer 
no  deflection  had  been  obtained  Avith  the  minute  sparks  yielded 
by  the  earlier  experiments. 

9.  HaA'ing  again  diminished  the  distance  w  T  to  5  millims., 
a  Avire  Avas  led  from  Q  to  the  knob  of  a  gold-leaf  electroscope. 
No  diA'ergence  of  the  leaA'es  took  place  ;  but  on  draAving 
sparks  by  tlie  hand  or  by  an  earth-Avire  from  the  electroscope 
knob,  froni  Q,  or  even  from  T',  a  divergence  of  the  leaves 
took  place,  rapidly  folloAved  by  collapse  at  CA'ery  spark  so 
draAA-n,  the  gold  leaves  being  throAA-n  into  a  state  of  violent 
flutter.  If  the  hand,  or  earth-Avire,  Avere  suddenly  removed 
from  contact,  a  residual  charge  usually  remained  upon  the 
leaACs  of  the  electroscope  ;  and  this  charge  AA'as  variously  posi- 
tive or  negative,  changing  sign  apparently  according  to  the 
last  oscillation  of  the  secondary  discharge. 

Experimentation  Avith  the  electroscope  could  not  be  carried 
on  Avhen  w  AA-as  reinoved  more  than  10  or  12  millims.  from  T, 
as  the  momentary  charges  received  by  the  gold  leaves  Avere 
so  violent  as  to  destrov  them. 
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10.  Throughout  the  above  experiments  the  most  curious 
effects  of  induction  were  exhibited  by  all  metallic  bodies  in 
the  neighbourhood  of  the  apparatus.  From  any  of  these 
within  a  range  of  several  yards  sparks  of  a  similar  reciproca- 
ting nature  could  be  drawn  by  bringing  near  an  earth-wire  or 
any  conductor  of  large  surface,  whether  insulated  or  not. 

11.  It  was  found,  as  in  a  preceding  case  stated  at  the  close 
of  §  3,  that  no  sparks  could  be  drawn  from  Q  (fig.  3)  when 
w  was  brought  up  to  actual  contact  with  T.  That  is,  an  in- 
termittent current  (as  is  that  in  the  secondary  wire  of  the 
coil)  passing  through  a  closed  circuit  does  not  evoke  that  kind 
of  disturbance  in  a  neighbouring  conductor  which  is  evoked 
when  the  intermittent  current  has  to  overleap  an  interval  of 
air,  however  short.  This  result  proved  that  the  appearance  of 
a  momentary  charge  upon  Q  v/hen  lo  and  T  were  separated 
was  the  result  of  induction  from  a  momentary  charge  upon  P, 
and  not  merely  from  a  current  passing  through  P.  The  well- 
known  phenomenon  of  the  statical  charge  produced  upon  the 
separated  terminals  of  the  secondary  circuit  of  an  induction- 
coil  will  account  for  the  presence  of  single  momentary  charges 
upon  P  and  upon  T.  These  charges  must  accumulate  through 
a  short  but  definite  period  of  time  until  they  have  acquired 
sufficient  density  to  overleap  with  a  spark  the  resistance 
offered  by  the  layer  of  air  iv  T — the  density  of  the  accumula- 
ting charge  depending  on  the  dryness  of  the  atmosphere,  the 
perfectness  of  the  insulation,  and  the  distance  between  xo  and 
T.  Though  this  period  be  very  short,  such  charges  will 
necessarily,  by  the  inductive  influence  of  their  presence,  dis- 
turb the  electrical  equilibrium  of  all  near  conductors  such  as  Q. 
The  equally  well-known  phenomenon  of  the  return-stroke,  in- 
vestigated by  Lord  Mahon  in  1779,  will  account  for  the  ap- 
pearance of  a  return-spark  after  an  interval  perhaps  not 
exceeding  the  thousandth  part  of  a  second,  thus  establishing 
the  reciprocating  nature  of  the  discharges  passing  betwesn 
Q  and  C. 

12.  In  the  case  of  the  earlier  experiments  (§  2),  where  an 
interrupted  primary  current  passes  round  an  electromagnet, 
similar  conditions  virtually  exist.  The  extra-current  conse- 
quent on  breaking  the  primary  is  a  current  of  high  electro- 
motive force,  like  the  secondary  current  of  the  coil.  It,  too, 
has  a  sensible  interval  to  overleap,  though  the  distance  in  this 
case  is  not  constant.  It,  too,  must  accumulate  upon  its  con- 
ductor in  order  to  acquire  sufficient  density  to  overleap  the 
gap  in  the  circuit.  It,  too,  can  therefore,  during  a  distinct 
minute  period  of  time,  analyze  the  neutral  electricity  of  the 
electromagnet-core  across  the  dielectric  of  silk  or  cotton  that 
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insulates  the  conductincr  wire  theret'roin.  In  this  case,  too, 
we  have  constxjuently  the  conditions  of  a  rapiilly  charged 
and  discharged  condenser,  giving  rise  to  recijjrocating  induced 
sparks. 

13.  This  conclusion  can  be  directly  proved  by  recurring  to 
the  earlier  experiments  (fig.  2)  and  introducing  across  the 
circuit  a  wire  of  suitable  resistance  to  short-circuit  the  extra- 
current  so  that  it  may  complete  its  route  without  having  to 
overleap  the  lireak  at  the  key.  This  is  shown  in  diagram  in 
fig.  6,  where  H  is  a  box  of  resistance-coils  introduced  between 
a  and  a'.  If  the  wire  of  which  the  electromairnet  E  is  made 
be  stout,  its  resistance  will  be  a  mere  trifle,  and  a  resistance  of 
3  or  4  ohms  at  R  will  be  sufficient.  In  some  cases  a  drop  of 
pure  water  between  the  points  of  contact  at  K  has  also  the 
result  of  obviating  the  extra-current  spark.  And  in  every 
case,  when  the  conditions  are  so  arranged  as  to  obviate  the 
appearance,  on  breaking  contact,  of  the  extra-current  spark 
at  K,  no  earth-wire,  nor  any  conductor,  will  draw  a  spark 
from  the  electromagnet-core — a  decisive  proof  that  the  sparks 
so  drawn  were  due  to  induction  by  the  statical  charge  of  the 
accumulatincr  exti-a-current,  and  to  that  alone. 


XXY.  On  the  Nebular  Hypothesis. — IV.  Correlations  of  Cen- 
tml  Force.  By  Pliny  Earle  Chase,  LL.D.,  S.F.A.S., 
Professor  of  Philosophy  in  Haveiford  College. 

[Continued  from  p.  36.] 

THE  various  accordances  of  planetary  mass  and  position 
which  have  been  pointed  out  in  preceding  papers,  the 
harmonic  prediction  of  a  source  of  planetary  disturbance  at 
•269  Earth's  radius  vector  which  was  confirmed  by  the  sun- 
spot  observations  of  Messrs.  De  La  Rue,  Stewart,  and  Loewy, 
the  comparison  of  gravitating  and  chemical  force  by  means 
of  the  explosive  energy  of  Hg  0,  the  measurement  of  gravita- 
tin<T  waves,  the  agreement  between  the  ratio  of  selenium-con- 
ductivity in  sunlight  to  its  conductivity  in  darkness  and  the 
ratio  of'  Sun's  light-emitting  to  its  earth-attracting  energies, 
and  mv  various  mechanical  estimates  of  solar  mass  and  dis- 
tance seem  to  be  dependent  upon  mathematical  laws,  among 
which  the  following  mei'it  special  consideration. 

Let/  =  velocity  communicable,  at  distance  r,  in  time  t,  by 

any  central  force  varying  as  -j^i 

f^  =  velocity  communicated  by  a  single  impulse,  or  in  a 
single  instant. 
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/„  =  nfi  =  velocity  communicated  by  n  equal  impulses 
or  in  n  instants,  the  distance  remaing  constant. 
Then 

«.  If  the  pressure  resulting  from  /  is  constant,  it  must  either 
be  exactly  counterbalanced  by  some  opposing  force  or  forces, 
so  as  to  produce  relative  rest,  or  the  motion  must  be  main- 
tained at  a  constant  distance  from  the  centre,  so  as  to  produce 
circular  revolution,  or,  if  the  opposing  force  results  from  the 
transformation  of  interfering  revolutions,  the  two  conditions 
may  be  combined  so  as  to  produce  rotation.     The  velocity  ^f 

circular  revolution  =  •^fr;  the  velocity  of  rotation  =  — — 

The  value  of  ?i  may  be  found  by  experiment ;  or  if  the  aggre- 
gating medium  is  homogeneous,  it  may  easily  be  calculated. 

^.  If  the  pressure  is  varying,  and  so  exerted  as  to  produce 
radial  motion  directly  towards  the  centre,  the  velocity  acquired 
at   any   given   distance   p   may   be    found  by   the    equation 

Vg=:  -j  -^^- ^  y  \     At  the  centre,  p  =  0  and  v^  =  co  . 

y.  If  the  pressure  leads  to  perpetual  radial  oscillations  syn- 
chronous with  perpetual  circular  oscillations  under  constant 
pressure,  the  range  of  the  radial  oscillations  from  the  centre 

2       -r- 

is  2r,  and  the  mean  velocity  of  radial  oscillation  is  -  Vfr.    The 

,.      2/^      CM2r-p)\i   .  27rV       ,  ,._ 

equation  —  •^jr=  <  '^-^ —  >  gives  p=     2  ,a  ~  1*4^^^^  ^• 

5.  The  vis  viva  of  the  total  force  varying  as  -,  the  theore- 
tical vis  viva  of  average  radial  velocity  :  vis  viva  of  synchro- 
nous circular  velocity  :  :  1  : 1"4232. 

€.  By  the  dynamic  theory  of  gases,  the  average  radial  velo- 
city =  velocity  of  constant  volume  ;  by  the  laws  of  thermo- 
dynamics, heat  varies  as  vis  viva  ;  and  we  have  already  seen 
(a)  that  the  velocity  of  circular  revolution  =  velocity  of  con- 
stant pressure.  We  have  thus  a  mathematical  verification  of 
the  empirical  ratio  between  heat  of  constant  volume  and  heat  of 
constant  pressure. 

^.  If  the  constrained  synchronous  rotation  of  particles  in  a 
spheroid,  and  the  free  revolution  of  exterior  particles  under  the 
influence  of  any  central  force  whatever,  are  due  to  the  same 
primitive  impulses  (a),  the  velocity  of  those  impulses  is  the 
limit  of  velocity  towards  or  from  which  both  motions  tend.  Let, 
therefore,   i\=  sjfr  =  velocity  of  free   revolution,  varying  as 

\/_,    V/i=  -IL  =1  constrained    velocity   at    same   point,    or 
'    r  n 
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velocity  of  superficial  equatorial  rotation  varying  as  -  ;    then 

"o  =  [^'/]=^  [''//]  =  " ^'/ ~  ""^// =" '^''  ~  limit  of  tangential  velo- 
city, both  of  revolution  and  of  rotation,under  a  reduction  of  sphe- 

roidal  volume  to  an  equatorial  radius  =  -j .  Under  such  reduc- 
tion all  the  particles  in  the  equatorial  planes  would  have  the 
velocity  of  free  revolution,  or  of  perfect  fluidit}-,  provided  the 
sphere  were  homogeneous. 

t].  If  contraction  were  to  go  still  further,  the  centrifugal 
force  of  rotation  would  give  the  nucleal  particles  orbits  of  in- 
creasing elHpticity.  Those  orbits  would  finally  become  linear, 
leading  to  complete  dissociation  when  the  mean  linear  velocity 

2  . 

-[i'//]  was  sufficient  to  produce  a  constant  motion  with  the  pa- 
rabolic perifocal  velocitv  [  N/2/'y].    These  velocities  coincide  at 

2r       ,       yi-TT^        2      *   V/> '       n-jr 
-^-,  when——   X  —   X  — ^  =  — r^  x  v2//'  =  iiTrVfr,      thus 

showing  that  the  limiting  velocity  between  complete  dissociation 
and  incipient  aggregation  is  ir  x  the  limiting  velocity  between 
complete  aggregation  and  incipient  dissociation  {n>/fr  ;  see  ^). 

6.  Let  t  =  time  of  describing  ^  r  in  virtual  approach  to  the 
centre,  under  the  action  of  a  central  force  /',  =  time  of  descri- 
bing r  in  circular  revolution  or  motion  under  constant  pres- 
sure ;  /r=  V/r  ;  irt  =  time  of  free  semicircular  oscillation  ; 
nirt  =  time  of  constrained  semirotation  ;  nirft  =  nir  -J fr  = 
velocity  acquired  in  the  time  of  semirotation.  Therefore 
the  velocity  of  any  central  impulses  which  are  capable  of 
producing  cosmical  aggregation,  fi'ee  revolution,  and  nucleal 
rotation  =  velocity  produced  by  constant  e(|uatorial  pressure 
acting  for  a  half-rotation. 

t.  If  the  central  force  is  solar  gravity,  the  limiting  velocity 
{nirs/fr^  of  uniform  impulses  which  would  account  for  solar 
aggregation,  solar  rotation,  and  planetary  revolution  is  the  ve- 
lociti/  of  light.  For  Earth's  distance  from  Sun  being  214*86 
solar  radii,  the  velocity  of  light  is  (214-86r -=-497-825)  =  -4316  r 
per  sec.  If  we  make  this  velocity  =  htt  >//>*,  and  find  the  value  of 
N/yV=  N/5rr  =  27rrx  214-86-^(3V)5-25G4x  86400)  = -00062705 r 
per  sec,  7i= -4316 -^  7rN//y=  219-0894,  and  v^,=  ^fr^n  ■= 
•0000(J28622  r  per  sec.  The  accordance  of  this  value  with  other 
estimates  (/a)  is  as  follows,  the  unit  being  7--f- 10000000000: — 

Sporer.  Nebular.  Light.  Sc-hwabc. 

29533  29192  2W22  28511. 
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K.  In  nebular  condensation  the  atmospheric  radius  varies 
as  t^,  while  the  nucleal  radius  oc  f^.  The  nucleal  radius  there- 
fore varies  as  the  ^  power  of  the  atmospheric  radius.  In  ordi- 
narv  considerations  of  the  nebular  hypothesis,  planetary  aggre- 
gation has   been   regarded   as   atmospheric   under  a  velocity 

varying  as  a  /-  ;  but  there  are  many  traceable  evidences  of 

nucleal  influence  under  a  velocity  varying  as  -.     Obermayer's 

law  (Trans.  Vienna  Acad.;  'Nature,'  June  1,  1876,  p.  119), 
that  the  friction-coefRcient  of  permanent  gases  varies  as  the  | 
power  of  that  of  the  coercible  gases  and  as  the  absolute  tempe- 
rature, seems  to  be  a  particular  case  of  the  nucleal  and  disso- 
ciating influences  of  central  force. 

\.  The  formation  of  the  Jovian  and  Telluric  belts,  as  indi- 
cated by  the  limiting  velocity  of  their  chief  planets,  shows  the 
combined  action  of  nucleal  and  atmospheric  influences.  At 
the  equator  g='i'2^  ft.  ;  the  time  of  ^  rotation  =  43200 sec. ; 
.-.  nTTv/yV^  43200  X  32  J^  ft.  =262-5  m.  per  sec.  The  limit- 
ing velocity  for  Jupiter  is  nearly,  if  not  precisely  the  same  ; 
but  it  cannot  be  so  accurately  determined  on  account  of  greater 
uncertainty  in  regard  to  the  elements  of  calculation.  The  solar 
modulus  of  light  at  the  principal  centre  of  gravity  of  our 
system  (O  2^)  is  505400  solar  radii ;  the  nucleal  formative  is 
.'.  V  505400  X  the  atmospheric  velocity  ;  when  the  nucleal  ve- 
locity (t)  was  the  velocity  of  light  ('431 6/'),  the  atmospheric 
velocity  was  -4316  /■-:-  ^"505400  = -0006071  r.  If  -0006071  r 
=  'IQ'2-b  m.,  Sun's  distance  (214-86?-)  =  92,902,000  miles. 

/x.  Earth  was  the  seat  of  theoretical  primitive  nucleal  rup- 
ture, the  velocity  of  primitive  rotation  within  the  nucleus  vary- 
ing as  r,  and  communicating  a  similarly  var^-iug  vis  viva  of 
superficial  rotation  to  the  shrinking  nucleus.  This  gives  a 
present  theoretical  time  of  solar  rotation  =  365-256  days 
-r  \/ 214-86  =  24*912  days.  The  estimates  from  observation 
varv  between  Sporer's  (24-624  davs)  and  Schwabe's  (25*507 
dafs). 

V.  According  to  the  same  data,  the  present  height  of  possible 
solar  atmosphere,  or  the  radius  of  equal  centripetal  and  centrifu- 
gal solar  force,  should  be  (214-86)*  r  =  35-873r;  the  time  of  pla- 

netaiy  revolution  at  Sun  31558150  sec.^(214-86)^=  10020-242 
sec. ;  the  present  limit  of  uniform  planetary  velocity  27rr 
-f-10020-242  =  -00062705  ?•  per  sec.  ;  the  present  solar  modulus 
of  light  (•4316^00062705y'^7-  =  473755-65r  ;  the  present  mo- 
dulus-atmosphere 35-873  X  modulus  =  16995141  r. 
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f.  UiKlulations  in  elastic  media  tend  to  gen(»rate  other  un- 
dulations in  arithmetic,  geometric,  harmonic,  and  various  figu- 
rate  progressions. 

o.  Radial  oscillations  through  p-=mr  give  the  central  disso- 

.    .  .  — r  *"'■ 

ciatuifj  velocity  v  2/r  at^   ,  i* 

TT.  If  we  tiike  as  determinants  of  a  parabola  a  vertex  at  — 

solar  radius,  or  the  primitive  circumference  of  complete  asso- 
ciation (77),  and  an  abscissa  at  present  surface  of  modular  atmo- 
sphere (v)  %3-,.873  =  35*873  X  modulus,  the  general  equation 
Xn^^^^  —  "^^"'  iti^ii'iiishes  27  abscissas  in  regular  progression,  of 
which  9  are  between  Sun  and  Mercuiy,  9  are  between  Nep- 
tune and  a  Centauri,  and  the  central  9  represent  points  of  dis- 
sociating nebular  velocity  (o),  as  will  be  seen  bv  the  following 
Table  :— 


71. 

LogXn- 

Log  sec.  per. 

Log  mean. 

Log  sec.  aph. 

7«r-=-(?«  +  l). 

9-87322 

l-fi774 

1-6806 

1-7950 

1-8855 

1  9 

10-87322 

1-9099 

1-8586 

1-8905 

1-9200 

i  2 

1187322 

2-1541 

21256 

21561 

21845 

2  ® 

12  87322 

2-4102 

2-3248 

2-3901 

2-4468 

i  ^ 

1387322 

2-6779 

^  Ast. 

1487322 

29575 

2-9420 

2-96!)2 

2-9949 

#  2^ 

15-87322 

3-2488 

3-2064 

32447 

3-2799 

^  h 

16-87322 

3  5519 

3-5217 

3-5571 

3-5897 

I      © 

17-87322 

3-8668 

38614 

3-8678 

3  8740 

8  y 

30-87322 

7-6622 

7-6571 

7-6860 

a  Cent. 

The  tabular  logarithms  for  a  Centauri  (7*6571  and  7*6860) 
represent  respectively  the  least  and  greatest  estimates  that 
have  been  made  of  its  distance.  The  planetary  secular  peri- 
helia and  aphelia  are  the  values  computed  by  Stockwell 
(Smithsonian  Contributions,  232,  pp.  37,  38). 

p.  Weber,  Kohlrausch,  and  Maxwell  have  identified  the  ve- 
locity which  connects  electrostatic  with  electrodynamic  action 
with  the  velocity  of  light.  These  accordances  extend  the  ma- 
thematical correlation  to  heat  (a  to  e  inclusive),  cosmical  and 
molecular  aggregation,  dissociation,  rotation,  and  reA'olution 
(«  to  6  inclusive),  gravitation  (t  to  tt  inclusive),  and  all  central 
forces  (a  to  8  and  i^to  6  inclusive,  ^,  o). 
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XXVI.  On  a  repetition  of  Dr.  Kerr's  Experiments  on  a  neio 
Relation  between  Electricity  and  Light.  By  J.  E.  H.  Gor- 
don, B.A.,  GonviUe  and  Caius  College,  Cambridge*. 

I  HAVE  been  for  some  months  engaged  on  a  repetition  of 
the  experiments  described  by  Dr.  Kerr  in  the  Philo- 
sophical Magazine  for  November  and  December  1875.  I 
have  as  vet  been  absolutely  unable  to  obtain  Dr.  Kerr's 
result ;  and  I  think,  when  I  have  described  the  jjrecautions 
taken,  I  shall  be  able  to  show  that  either  Dr.  Kerr's  success 
or  my  failure  is  due  to  some  cause  not  yet  noticed  by  either 
of  us  ;  in  any  case  the  cause  of  the  difference  in  our  results 
will  be  worth  looking  for. 

Ike  optical  arrangements. 

The  polarizing  apparatus  consisted  of  a  Nicol's  prism  and 
collimator,  as  described  by  me  in  my  last  paperf.  The  end  of 
the  collimator  Avhich  carried  the  prism  projected  through  a 
hole  in  a  screen,  which  protected  the  observer  from  stray  light. 
The  coUimating-tube  was  tixed  in  cement  to  the  brick  ex- 
perimenting-table. 

Monochromatic  light  was  used,  generally  that  of  a  powerful 
paraffine  lamp,  coloured  red  by  means  of  a  test-tube  containing 
coloured  liquid  and  hung  in  front  of  the  prism. 

Sometimes  a  solar  spectrum  was  throMn  on  a  card,  a  slit  in 
which  admitted  one  colour  to  the  Xicol. 

The  analyzing-apparatus. 

This,  which  was  all  mounted  on  a  massive  block  of  wood 
cemented  to  the  brick  table,  consisted  : — 

1.  Of  a  Babinet's  compensator  (kindly  lent  to  me  by  Pro- 
fessor Maxwell). 

2.  Of  a  powerful  microscope  used  with  a  two-inch  power, 
at  the  back  of  which  a  Xicol's  prism  was  fixed.  The  objective 
and  prism  revolved  together  in  a  collar.  The  microscope  and 
collimator  were  both  horizontal.  The  diagonals  of  the  Nicols 
were  respectively  inclined  at  ±  45°  to  the  horizon  ;  distance 
from  lens  of  collimator  to  compensator  2  ft.  6  in. 

The  bands  were  verv-  distinct.  Their  apparent  distance 
from  centre  to  centre,  as  determined  by  a  camera  lucida  on  the 
eyepiece,  upon  a  sheet  of  paper  10  inches  distant,  was  1^  inch 
for  red  light.  For  their  observation  the  eyepiece  of  the  micro- 
scope was  furnished  with  fine  cross-wires. 

*  Communicated  by  the  Author. 

t  Determination  of  Yerdet's  Constant.  Read  before  the  rtoyal  Societr, 
June  lo,  1876. 
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Tlie  breadth  of  tlie  black  bands  was  about  i^  that  of  the 
bright  ones. 

To  test  the  sensitiveness  of  the  apparatus,  a  black  band  was 
brou  (]jht  upon  the  cross-wires,  and  a  piece  of  glass  ^  inch  thick 
and  2  inches  square  was  compressed  in  the  fingers.  A  very 
moderate  compression  served  to  displace  the  black  band,  so 
that  its  edge,  instead  of  its  centre,  came  upon  the  cross-wires, 
while  moderate  com])r('ssion  in  a  small  iron  screw  clamp  moved 
the  bantl,  so  that  instead  of  the  centre  of  the  black  band,  the 
centre  of  the  bright  band  next  on  the  right  or  left,  according 
as  the  compression  was  vertical  or  horizontal,  came  on  the 
cross-wire.  This  corresponds  to  an  apparent  displacement  of 
f  inch,  or  a  retardation  of  about  \  a  wave-length. 

2he  electrical  arrangements. 

The  coil. — The  electricity  was  produced  by  a  powerful  in- 
duction-coil by  Apps,  giving  a  thick  spark  IG  inches  long  in 
air.  It  was  provided  with  a  vibrator  and  a  clock  contact- 
breaker,  both  of  which  were  used  in  the  experiments. 

The  coil  was  worked  by  9  or  10  quart  Grove  cells.  It  was 
managed  by  an  assistant,  while  fine  wires  suspended  by  silk 
threads  carried  the  secondary  current  to  the  optical  ap])aratus. 

The  coil  was  placed  behind  the  observer  ;  so  that  his  eyes 
were  not  dazzled  by  the  sparks. 

The  experimeiits. 

A  piece  of  plate  glass  1  inch  thick  and  6  inches  square,  had 
holes  drilled,  as  described  by  Dr.  Kerr,  in  opposite  edges, 
the  bottoms  of  which  holes  came  within  1^  inch  of  each  other. 

Quill  glass  tubes  a  foot  long  were  put  into  these  holes  nearly 
to  the  bottom.  Inside  the  quill  tubes  Avere  stout  brass  wires, 
which  reached  to  the  bottoms  of  the  holes. 

One  tube  and  wire  haA^ing  been  put  in  and  the  Avhole  ap- 
paratus warmed,  it  was  set  on  one  edge  on  the  table,  so  that 
the  glass  tube  stood  vertical.  A  kind  of  cell  was  made,  consist- 
ing of  two  panes  of  window-glass  pressed  against  the  faces  of 
the  plate,  and  projecting  above  it,  and  two  blocks  of  cork,  the 
thickness  of  the  plate,  l)etween  them  above  the  plate.  The 
thin  glasses  were  slighthj  greased,  and  the  interstices  between 
them  and  the  corks  filled  up  Avith  a  little  flour-and-Avater 
dough.  This  then  formed  a  cell  2  inches  long,  1^  deep,  and 
1  inch  Avide.  In  the  centre  was  the  vertical  tube.  The  cell 
was  noAv  filled  with  Apps's  electrical  cement.  Tliis  is  a  com- 
pound consisting  of  shellac,  &c.,  used  for  perforating  glass  by 
means  of  induction-coils.  It  is  so  good  an  insulator  that 
blocks  of  glass  Avhose  diameter  is  not  more  than  tAvice  their 
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thickness  can  be  perforated  when  the  points  of  the  secondary 
terminals  are  imbedded  in  it.  When  hot  it  is  nearly  as  liquid 
as  water.  The  tube  and  -wire  were  taken  up  and  replaced 
once  or  twice,  so  that  the  liquid  cement  might  fill  every  inter- 
stice. When  the  cement  was  hard,  the  side  glasses  and  corks 
were  removed ;  and,  the  plate  being  reversed,  the  second  con- 
ductor was  fixed  in  the  same  way. 

Next  day  the  experiment  was  tried.  The  plate  was  mounted 
with  its  faces  perpendicular  to  the  line  of  light,  its  conductors 
horizontal,  and  its  position  such  that  the  light  passed  between 
their  points.  The  coil  was  then  worked.  The  insulation  was 
so  good  that,  while  wires  from  each  pole  were  connected  to 
the  wires  let  into  the  glass,  sparks  of  12  inches  long  were 
easily  obtained  between  the  terminals.  The  coil  was  worked 
both  with  the  vibrator  and  with  the  clock,  with  currents  con- 
tinued both  for  short  and  long  periods,  currents  in  both  di- 
rections both  quickly  and  slowly  alternated,  and  both  with  and 
without  Leydenjars. 

In  not  one  of  the  experiments  was  any  effect  whatever 
observed  on  the  light.  The  compensator  was  then  removed, 
and,  the  field  being  darkened,  all  the  above  experiments  were 
repeated.  No  return  of  the  light  or  any  other  effect  whatever 
was  obtained. 

But  Dr.  Kerr  has  stated  that  the  electrified  glass  acts  like 
a  crystal.  Now  we  know  that  the  action  of  crystal  on  pola- 
rized light  increases  with  the  thickness  through  which  the  light 
is  transmitted.  I  thought  therefore  that  if,  instead  of  sending 
the  light  through  1  inch  of  electrified  glass,  I  could  send  it 
through  15  or  20  inches  the  effect  produced  would  be  so  much 
increased  that,  if  my  having  been  unable  to  see  it  in  the 
former  case  arose  from  its  smallness  and  not  from  its  absence, 
I  should  now  be  able  to  see  it.  I  therefore  had  a  piece  of 
fine  plate  glass  prepared,  20  inches  by  10  and  |  of  an  inch 
thick,  and  its  ends  polished.  Light  passing  in  at  one  end  and 
out  at  the  other  had  then  to  pass  through  20  inches  of  glass. 
I  then  pasted  strips  of  tinfoil  15  inches  long  on  each  side,  and 
placed  the  glass  vertical  in  the  line  of  light. 

I  then  connected  the  opposite  tinfoils  to  the  secondary  poles 
and  worked  the  coil.  No  effect  was  obtained.  But  only 
sparks  four  or  five  inches  long  could  be  used,  owing  to  the 
electricity  springing  round  the  glass. 

It  was  then  resolved  to  insulate  the  latter  so  as  to  allow  a 
greater  stress  to  be  applied  to  it. 

For  this  pui-pose  a  box  was  made  of  inch  mahogany,  whose 
inside  dimensions  were,  length  24  inches,  depth  16,  breadth  7. 
Two  pieces  of  barometer-tube  being  fixed  horizontally  across 
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it,  3  inches  from  the  bottom,  tlie  orlass  was  set  on  one  of  its 
long  e  J  ores  on  them,  in  the  centre  of  the  box.  Two  holes  1^ 
inch  in  diameter  were  made  opposite  to  each  other  in  tlie  ends. 
Into  these  plugs  of  mahogany,  whose  inside  ends  were  padded 
with  leather,  were  inserted,  so  that  the  leather  ends  pressed  on 
the  centres  of  the  end  edges  of  the  glass.  Holes  being  made  in 
the  outside  ends  of  those  plugs,  long  brass  stiiir-rods  were  put 
through  them,  so  that  the  middles  of  the  rods  were  in  the 
plugs  and  the  ends  projected  horizontally  in  both  directions. 
The  ends  being  tightly  drawn  together  with  string,  the  elas- 
ticity of  the  rods  pressed  the  plugs  tightly  upon  the  glass. 
The  plugs  and  leather  were  slightly  oiled. 
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Two  pieces  of  tinfoil  15  inches  by  5,  were  pasted  on  thin 
slips  of  soft  wood,  and  placed  symmetrically  on  the  sides  of  the 
glass.  Each  was  kept  in  position  by  two  stout  pointed  wires 
(kitchen  skewers),  which  were  passed  through  holes  in  the 
mahogany,  and  whose  points  stuck  into  the  soft  wood  carrying 
the  tinfoil,  and  pressed  it  against  the  glass.  Each  skewer 
was  fixed  by  a  nail  driven  alongside  it  into  the  mahogany. 
At  the  centre  of  each  side,  and  at  right  angles  to  it,  was  fixed 
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a  wooden  box  3  inclies  square  and  10  inches  long  ;  a  lamp- 
chimney  fixed  at  the  end  continued  the  length  another  6 
inches. 

A  stout  brass  wire,  protected  by  a  glass  tube  where  it  passed 
through  the  mahogany,  Avas  fixed  along  the  axis  of  each  pro- 
jecting box  and  lamp-glass,  and  pressed  against  a  little  bit  of 
tinfoil  pasted  on  the  outside  of  the  strip  of  wood  which  held 
the  tinfoil  against  the  glass.  A  short  bit  of  wire  let  into 
the  wood  connected  the  small  bit  of  tinfoil  with  the  large  one. 
The  whole  of  the  box,  side  boxes,  and  lamp-glasses  were  now 
filled  with  the  cement  already  described.  About  115  lbs. 
were  used  ;  it  was  all  melted  at  once,  and  poured  in.  As  it 
was  not  convenient  to  warm  the  mahogany  case,  the  cement 
was  heated  considerably  above  its  melting-point,  so  that  it 
might  warm  all  the  wood  and  glass  before  commencing  to  set. 

While  it  was  setting  (which  took  about  4  days)  the  stair- 
rods  were  every  few  hours  removed  from  the  end  plugs,  and 
the  latter  twisted  round  a  few  times,  and  occasionally  removed 
for  a  few  seconds  to  be  re-oiled. 

When  the  cement  was  quite  set,  the  plugs  were  removed, 
leaving  at  each  end  a  cylindrical  cavity  2  inches  deep,  at  the 
bottom  of  which  an  inch  of  the  edge  of  the  glass  could  be  seen. 
When  these  portions  of  the  glass  had  been  cleaned  with  a 
little  benzine,  it  was  found  that  an  object  placed  outside  one 
plug-hole  could  be  well  seen  from  the  other  through  the  20 
inches  of  glass. 

The  skewers  which  had  not  been  previously  touched  were 
now  di'awn  out  with  some  difficulty.  The  box  being  laid  on 
its  side,  one  of  them  previously  heated  in  a  spirit-lamp  was 
replaced  for  a  moment,  so  as  to  melt  the  cement  at  the  edges 
of  each  hole  ;  a  little  fresh  cement  was  now  poured  in.  When 
it  solidified,  the  holes  were  completely  filled  up  ;  on  trying  the 
box  with  the  coil  the  insulation  was  all  that  could  be  desired. 
While  the  poles  were  connected  to  the  secondary  terminals, 
sparks  of  11  and  12  inches  were  easily  obtained  between  the 
latter.  When  the  terminals  were  separated  too  far  for  the 
sparks  to  pass,  the  peculiar  sound  which  accompanies  the 
sudden  charging  of  a  condenser  unable  to  discharge  was  heard 
in  the  box,  showing  that  neither  of  the  tinfoils  had  shifted. 

The  box  was  now  placed  between  the  Nicols,  so  that  the 
light  passed  from  one  plug-hole  to  another.  Every  experi- 
ment which  had  been  performed  with  the  perforated  glass  was 
repeated  with  the  box.  Not  the  slightest  eSect  of  any  sort  or 
kind  was  observed  on  the  light. 

It  is  very  likely  that  I  have  omitted  some  precautions  taken 
by  Dr.  Kerr  ;  but  I  do  not  think  that  I  have  omitted  any  de- 
scribed in  his  paper. 
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If  Dr.  Kerr  can  show  me  what  mistake  I  have  made,  no  one 
will  he  better  pleased  than  myself,  as  the  establishment  of  such 
a  relation  as,  according  to  Dr.  Kerr,  exists  between  electricity 
and  light  will  be  a  most  important  step  in  physical  science. 

Pixliolme,  Dorking, 
Augusts,  1876. 

XXVII.  Wote  in  regard  to  a  Multiple  Diferentiation  of  a  cer- 
tain expression.     By  J.  W.  L.  Glaisher,  M.A.,  F.R.S.* 

CONSIDER  the  multiple  definite  integral 
/"cc    /»»    /^»  / 

I      I      \      ...  exp  (  -  ^1,7-2  -  a,xl ...  -  a^xl 
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f 


~      2    4    s'^ -»)<i^^l<^^2-.-d.V„,       .       (1) 

where,  as  is  convenient  in  printing  complicated  exponentials, 
exp  (a)  is  written  for  e". 

By  the  aid  of  the  well-known  integral 

exp^-a.i-2-4,jrf.r=  ^exp  {-2v/(«5)}, 

we  readily  see  that  the  integral  (1) 

7^t^--i/g).  .     .     (2) 

Now  from  an  inspection  of  the  integral  (1)  it  is  evident  that 

if  we  denote  bv  w  the  quantity  (2),  then,  i  being  any  integer, 

(.l)'(i)"(4)'--G4;r''=(j»'-  •    C'^) 

viz.  the  differential  expression  on  the  left-hand  side  of  (3)  is 
equal  to  the  nth  integral  of  u  with  regard  to  (j.  It  is  clear  that 
the  quantity  subject  to  the  exponential  sign  in  (2)  need  not  be 
negative  ;  so  that,  if  we  take 

and  put  i=  1  (whereby  there  is  no  loss  of  generality),  the  theo- 
rem is  that  if 

^~  7(aiao...q  )  ^^^^  ^^^'"  '  ^"'»-' '  v/«n-2  ■  •  •  V^^i  •  \/p)^ 
'  Communicated  by  the  Author. 
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tlien 

\dp/\dai/\dai/ yda^  /       \daj  2-^2"- d 

As  an  example  put  rt  =  2  ;  then  if 


1  .1    1    1. 

i'=  -T-iexp(Z>=^a>^), 

the  theorem  is  that 

[dpAd^AdbJ  "-' ^  6l^' 
Writing,  for  brevitv,  ic  for  exp  (b^  ct^p  )f 

\da)\db)  '■      ''\16  aU       16  a^l      8  aU^       8  aibO' 
which  differentiated  with  regard  to  p  becomes 

_    i._L  _ i- 

The  theorem  is  by  no  means  an  obvious  one  ;  and  if  the 
differentiations  be  performed  in  the  order  in  which  they  stand, 
the  verification  even  for  a  moderate  value  of  n  is  tedious.  If, 
however,  the  differentiations  be  performed  in  a  certain  other 
order,  each  of  the  intennediate  results  consists  of  only  a  single 
term,  and  we  thus  obtain  an  elementary  and  very  interesting 
proof  of  the  theorem,  and  have,  as  it  were,  its  raison  d'itre 
exhibited.  The  process  will  be  best  understood  by  taking  only 
three  letters,  a,  b,  c,  besides  p.     Let 

^  —  ~T7T~i  exp  ( C2  61  a3  »5 ) ; 

and  for   the  sake  of  brevity  write  ic  for  exp  (c^b^a^p^),  and 

7  7-2 

\.P]^  [p<^];  ^^-  ^^^  j~'    77?  &c.  ;  then,  omitting  all  numerical 
factors, 
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r    -,  1  c^h^ai 

Li' J         ="*--T7T-i — 7-? 

r      -,  t*«^       b^a^p^ 

[pc]  =?^.7T-T-.- i-    y 

b^a^p^        c3 

a5  a3  pt    c^  lib  pi 
a-^ptc^        U* 

a^p*b^  C2 

plb^c^  ai 

iA,l      1,1       1       ,4-11 

p»p»bip^b^p»    b^a^p^ 


p6  p6  ps  ps  a*' ps    c^a^ps 
p»a»c^  o* 

ps  ps  ps  ps  a^  ps  as  po    b^a^p^ 

1   1 1 3  I      ' 

psaso*^  C2 


1  7  1       1 

and  the  final  numerical  coefficient  of  w  is  evidently 
1111  1 


~8    8    42    2*      16384 

In  this  process  we  see  that  in  every  alternate  line  the  letter 
c  disappears  from  the  coefficient  of  lo,  that  in  every  fourth 
line,  starting  with  the  second,  the  letter  b  disappears,  and  that 
in  the  fourth  line  the  letter  a  disappears  ;  while  /)  disappears 
from  the  final  result,  and  the  other  letters,  each  raised  to  the 
power  ^,  are  left  in  the  denominator. 

It  is  evident  that  the  above  procedure  is  quite  general,  and 
that,  following  the  law  of  succession  there  indicated,  one  letter 
is  always  absent  after  each  differentiation.  To  state  the  law, 
suppose  (for  greater  convenience)  the  order  of  the  n  letters  re- 
versed, so  that 

v=-rTA -,exp(p^\a^".Z.^"^...A-^); 

a-^bic^ . . .  A'2 

then,  the  differentiation  with  regard  to  p  having  been  first 
effected,  if  we  take  2"  compartments  and  place  in  every  alter- 
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nato  one  starting  from  the  end  an  a,  in  every  alternate  one  of 
those  that  are  vacant  beginning  with  the  second  a  h,  in  every 
alternate  one  of  those  that  are  still  vacant,  begfinninxr  with  the 
fourth,  a  c,  and  so  on,  we  obtain  the  order  in  question,  which  is 

pahacahadabacahaeahacahadabacabafahaca .... 
This  is  of  course  the  binary  law  ;  viz.,  if  we  write  down  in  order 
the  numbers  in  the  binarv  scale  1,  10,  11,  100,  101,  110,  111, 
1000,  1001,  1010,  1011,1100,  &c.,  then  every  alternate  one 
ends  with  1  ;  every  fourth  one,  starting  with  the  second,  ends 
with  10  ;  every  eighth  one,  beginning  with  the  fourth,  ends 
with  100,  and  so  on  ;  and  the  reason  is  the  same  in  the  two 
cases. 

A  little  thought  shows  that  if  in  the  differentiations  this  suc- 
cession be  followed,  each  letter  must  disappear  when  its  turn 
comes,  and  that,  after  all  the  operations  are  performed,  each 
letter  except  j)  will  be  left  in  the  denominator  with  exponent  ^. 
This  and  the  way  in  which  it  happens  render  the  result  an 
interestino-  one. 

As  for  the  numerical  coefficient,  it  is  clearly  equal  to  the 
reciprocal  of 

2"  .  (2")X2''~')-. . .  42""'.  22""', 
viz.  of 


XXVIII.   On  Salt  Solutions  and  Attached  Water. 
By  Frederick  Guthrie*. 

[Continued  from  vol.  i.  p.  4oo.] 

V. 

(1)  Separation  of  Ice,  Salt,  Hydrate  or  Cryohydrate  from  Salt 
Solutions  (continued). 
§  148.  Separation  of  Ice  ^yc.  from  Solutions  of  Chloride  of 
Sarium. 


Table 

XXIX. 

BaCl2  per  cent. 
by  weight. 

II2  0  per  cent. 
by  weight. 

Temperatvire 
at  which  solidi- 
fication begins. 

Nature  of  sohd. 

5 

95 

0 
-  0-9 

Ice. 

10 

90 

-  -i^ 

15 

85 

-  40 

20 

80 

~  60 

21-83 

78-17 

-  7  5 

Cryohydrate. 

23-98 

7602 

00 

BaCl.,  +  H„0. 

30 

70 

4-25 

»> 

*  Communicated  to  the  Physical  Society,  .Tune  24,  187H. 
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I  again  found  the  temperature  of  the  crvogen  to  be  —  7°*3 
( —  7°"2,  §  78),  and  the  temjxn-ature  of  the  cryohydrate  to  be 
—  7°"5  to  —  8°.  But  it  is  seen  that  as  derived  from  a  dilute 
solution  I  now  find  the  cryohydrate  to  contain  only  21*83  per 
cent,  of  BaCij,  while  in  §  78,  where  it  was  derived  from  a  sa- 
turated solution,  I  found  23'2.  No  doubt  the  smaller  of  these 
numbers  is  the  more  correct.  The  composition  of  the  cryohy- 
drate was  derived  from  the  following  data.  6'515I  of  melted 
cryohydrate  gave  1'5225.  The  water-worth  is  accordingly 
41-357.  The  solubility  at  0°  C.  was  derived  from  the  fol- 
lowing : — 

Solution  .  .  6-7830 
BaClj  .  •  •  1-6214 
Percent.    .     .  23*90 


2. 
7-047O 
1-9119 
24-06 


Mean. 


23-98 


§  149.  Separation  of  Ice  ^c.  from  Solutions  of  P rot osxdphate 
of  Iron. 

Table  XXX. 


FeSO,  per  c.nt.    HO  per  cent.  !  J^hSi. 
by  weight.            by  weight.      :  g^^^.^^  ^^^^^ 

Nature  of  solid. 

5 
10 
145 
14-9 

95 

90 

855 

831 

o 
-0-2 
-0-8 
-20 

00 

Ice. 

CrTohydrate. 
FeSO.  +  JHjO. 

As  in  §  148,  I  find  the  composition  of  the  cryohydrate  io 
show  somewhat  less  salt  than  previously  (§  82),  where  the 
cryohydrate  was  obtained  from  a  saturated  solution,  and  where 
the  amount  of  salt  Avas  determined  by  simple  evaporation.  I 
now  find  the  melting-point  of  the  cryohydrate  to  be  —2°  C; 
and  the  temperature  of  the  cryogen  is  exactly  the  same.  In 
the  above-given  determinations  of  the  cryohydrate  and  of  the 
solubility  at  0°  C.  the  solution  was  oxidized  with  nitric  acid, 
the  sesquioxide  was  precipitated  with  ammonia  and  weighed  ; 
the  amount  of  reS04  was  thence  deduced.     For  the  cryohy- 

4-8076  grms.  gave  0-3676  FcsOs,  or  0*6984  Fe  SO4. 
The  water-worth  is  therefore  49-8.    For  the  solubility  at  0°  C, 

7*7890  grms.  gave  0*6080  Fcj  O3,  or  1-1552  Fe  SO4. 
§   150.    Separation  of  Ice   ^c.  from  Solutions  of  Trihasic 
Phosphate  of  Sodium  and  i73/c?ro(7<'n,  Nag  H  PO4  +  2H2  0. — 
This,  the  most  usual  phosphate  of  sodium,  when  used  as  a  cryo- 
gen only  reduces  the  temperature  to  — 1*^"0  C.     The  cryohy- 
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drale  also  melts  at  the  same  temperature  (I  found  —  0°*9). 
Owing  to  this  short  range  of  temperature  it  is  impossible 
to  examine  the  separation  of  ice  from  solutions  of  various 
strengths.  The  determinations  were  made  by  reducing  the 
salt  to  a  bibasic  pyrophosphate  of  sodium.  For  the  cryoliy- 
drate, 

1.  2. 

Solution     .     6-5760        9-34011 

Na^PsO;  .     0-1119         0-1627/ 

The  water-worth  is  accordingly  852. 

The  followinor  gave  the  solubility  at  0°  C. : — 

6*7277  grms.  of  solution  gave  0-1264  of  Na^  Pg  0;,  or  2-0  per 
cent,  of  Na^  H  PO4- 

§  151.  Separation  of  Ice  ^'c.  from   Solutions   of  Niti'ate  of 
Sodium. 

Table  XXXL 


Mean  per  cent. 
1-72  of  Na^  Ps  O7,  or 
1-83  of  Nas  HPO4. 


XaNOg  per 

H,  0  per  cent. 

Temperature    ! 
at  which  solidi-  Nature  of  sohd. 

cent,  by  weight 

by  weight. 

fication  begins. 

5 

95 

0 

-  2 

Ice. 

10 

90 

-  4-2 

ff 

15 

85 

-  6-3 

f» 

20 

80 

-  8-4 

r* 

25 

75 

-10-8 

30 

70 

-13 

>i 

35 

65 

—  15-5 

40-80 

59-2 

—  n-5          j    Cry  ohyd  rate. 

42-34 

57-66 

Q          r  Na^'03  or  sub- 
\      cryohydrate. 

There  appears  to  be  a  subcryohydrate  of  a  composition  in- 
termediate between  40-80  and  42-34  per  cent.  For  the  deter- 
mination of  the  composition  of  the  cryohydrate  I  refer  to  §  75. 
The  solubility  at  0°  C.  was  derived  from  the  data  ;  6-0660  of 
solution  gave  2-5682  of  NaNOs.  It  is  remarkable  that  ^larx 
found  44-4  per  cent,  and  Poggiale  44-3  per  cent,  of  the  anhy- 
drous salt.  The  salt  I  employed  was  made  from  the  pure  bi- 
carbonate, and  was  entirely  free  from  sulphates  and  chlorides. 
As  in  all  similar  determinations,  I  was  not  content  to  surround 
the  flask  containing  the  nitrate  with  ice  ;  for  I  never  find  that 
by  this  means  the  temperature  in  the  flask  sinks  to  0°  C.  A 
few  grains  of  salt  are  added  to  the  ice  ;  and  the  temperature,  as 
indicated  by  a  continually  agitated  thermometer  in  the  solu- 
tion, remains  for  four  or  five  hours  at  QP  C. 

§  152.  Separation  of  Ice  Sfc.  from  Solutions  of  Nitrate  of 
Lead. 
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Table  XXXII. 


rb2(N03)pcr 

n.,  O  per  cent. 
hy  weight. 

Tciiipe  rat  lire 
at  which  solidi- 

Nature of  solid. 

cent,  by  weight. 

fication  begins. 

5 

95 

o 

-0  3 

Ice. 

to 

90 

-0-5 

ji 

15 

85 

-0-7 

»i 

20 

80 

-1-2 

2(5-23 

7377 

-2  5 

Crvohydrate. 

29  89 

7011 

00 

Pb2(x\0,). 

The  temperature  of  the  cryogeu  is  —  2°-5.  The  solutions 
were  analyzed  by  simple  evaporation  and  gentle  heating. 

§  153.  Separation  of  Ice  4*e.  from  Solutions  of  Nitrate  of 
Barium. — As  the  solution  of  this  salt  was  found  to  contain 
onlv  5'37  per  cent,  of  the  anhydrous  .salt  at  0°  C,  and  as  the 
eryohydrate  only  contains  5*3  (§  80),  only  one  intermediate 
observation  on  the  separation  of  ice  could  be  got,  namely  that 
of  the  3-per-cent.  solution,  which  gave  up  ice  at  —  0°*4. 

§  154.  Separation  of  Ice  ^'c.  from  Solutions  of  Nitrate  of 
Strontium. 

Table  XXXIII. 


Sn2(N03)per 

IIj  0  per  cent. 

Temperature 
at  which  solidi- 

Nature of  solid. 

cent,  by  weight. 

by  weight. 

fication  begins. 

5 

95 

0 

—  0-5 

Ice. 

10 

90 

-12 

„ 

15 

85 

-2-3 

ij 

20 

80 

-3-8 

„ 

26 

74 

-C 

Cryohydrate. 

29-62 

1 

70-38 

0-0 

Sn2(^N03). 

§  155.  Separation  of  Ice  S^c.  from  Solutions  of  Nitrate  of 
Calcium. 

Table  XXXIV. 


Ca2(NO.0per 

Hg  0  per  cent. 

Temperature 
at  which  solidi- 

Nature of  solid. 

cent,  by  weight. 

by  weight. 

fication  begins. 

5 

95 

o 

-  11 

Ice. 

10 

90 

-  2-3 

" 

15 

85 

-  4-2 

20 

80 

-   65 

25 

75 

-  93 

30 

70 

-12  9 
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I  Lave  not  yet  got  the  cryoliydrate  of  nitrate  of  calcium. 
As  a  cryogen  it  gives  a  temperature  of  —16°. 
§  156.  Separation  of  Ice  i^-c,  fi'om  Solutions  of  Acetate  of 
Sodium, 

Table  XXXY. 


XaC,H,0,  per 

H^  0  per  cent. 

Temperature 
at  which  solidi- 

Xature of  solid. 

cent,  by  weight. 

by  weight. 

fication  begins. 

5             ! 

95 

o 

-  22 

Ice. 

10 

90 

-  5-1 

>r 

15 

85 

i         -  91 

If 

20 

80 

-140 

It 

22 

78 

-160 

23-3 

7G-7 

-18  0 

CrTohvdrate. 

2(r6            1 

734 

00 

NaC,H,0,+?H2  0. 

The  temperature  of  the  cryogen  is  exactly  — 18°.  For  the 
crv'ohydrate  determination,  7"7032  grms.  gave  1*7963  grm.  of 
KaCoHsO,.  For  the  solubility  at  0°,  4-7473  grms.  gave 
1-2646  of  XaCa  H3  O2.  The  water-worth  is  30.  The  solid  con- 
stituent was  estimated  by  simple  evaporation  and  heating  to 
incipient  fusion. 

§  157.  Separation  of  Ice  ^'c.  from  Solutions  of  Acetate  of 
Potassiuiru 

Table  XXXVI. 


cent. 

HgO.per 
by  weight. 

H2  0  per  cent, 
by  weight. 

Temperature 
at  which  solidi- 
fication begins. 

Xature  of  soUd. 

5 

95 

0 
-  2 

Ice. 

10 

90 

-  4-6 

15 

85 

-  7-4 

J 

20 

80 

-112 

25 

75 

-16 

30 

70 

-22-5 

1 

The  solubility  at  0°  C.  was  measured  both  by  directly  weigh- 
ing the  dried  and  fused  acetate,  and  by  converting  it  into  a 
nitrate  by  frequent  treatment  with  nitric  acid  and  evaporation. 

2. 
Indirect, 
7-4837  solution  gave 
4-8573  KXO3,,  or 
Q2'S  per  cent.  K  C2  H3  Oj. 

.     62-3." 


1. 
Direct. 
6*8131  solution  gave 
4-2083  K  C,  H,  Go,  or 


61-8  per  cent. 


Mea 
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The  cryohydrate  of"  acetate  of  potassium  has  not  yet  been 
delerniined. 

The  temperature  of  the  cryogen  of  acetate  of  potassium  is 
-25°  C. 

It  is  well  known  that  fused  acetxite  of  potassium  is  heavier 
than  the  anhydrous  solid  acetate  at  the  same  temperature  ;  but 
I  do  not  find  the  remarkable  fact  anywhere  noticed,  tliat  the 
fused  anhydrous  salt  is  also  lighter  than  the  aqueous  solution 
of  the  salt  saturated  at  ordinary  tempei'atures  (17°  C). 

(2)  A  few  Organic  Cri/stalloids  in  Aqueous  Solution;  their 
behaviour  on  being  cooled  and  on  being  heated,  and  as 
Cin/ogens. 

§  158.  Cane-sugar. — Sugar-candy  was  finely  powdered  and 
dried  at  100°  C.  in  a  current  of  dry  air. 

Table  XXXVII. 


CijHj.Oi,  per 
cent,  by  weiglit. 

Hi  0  per  cent, 
by  weight. 

Temperature 
at  which  solidi- 
ficuition  begins. 

Nature  of  solid 
formed. 

5 

95 

o 

-0  3 

Ice. 

]0 

90 

-05 

15 

85 

1           -0-9 

20 

80 

-1-3 

25 

75 

!           -1-8 

30 

70 

-2  4 

35 

65 

;           -32 

i> 

40 

60 

i           -41 

„ 

45 

55 

1           -5-4 

yt 

50 

50 

!          -7-0 

51-4 

48-6 

-8-5 

Cryohydrate. 

(Mean)  67-33 

32-67 

;        00 

Gi.jHjjO,!. 

Solutions  stronger  than  the  cryohydrate  may  be  cooled 
below  —  8°*5  before  solidification  begins.  A  60-per-cent.  so- 
lution does  not  shoAv  signs  of  solidification  above  — 11°'4. 
The  solid  which  separates,  however,  is  sugar.  This  is  a  con- 
sequence of  the  supersaturability  of  sugar  solutions,  and  the 
possibility  of  the  condition  of  supersaturation  being  maintained 
even  in  solutions  from  which  crystals  of  sugar  are  being  depo- 
sited. Also,  as  was  so  notably  the  case  with  alcohol,  the  cryo- 
hydrate is  an  abundant  solvent  for  sugar.  The  cryohydrate  of 
saccharose  was  analyzed  by  evaporation. 

2'2G58  grms.  gave  1*5244  grni.  of  saccharose,  or  51'4. 

For  the  solubility  at  0°  a  solution  saturated  at  +  20°  was 

kept  for  three  days  and  nights  at  0°  C. 

3-6300)  2-4510    ,        , 

A.-K-i"'  (  gave  9.-^4A  of  saccharose  or  cane-sugar. 
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Since  it  will  be  shoNvn  in  §  161  et  seq.  that  the  colloid  forms 
of  matter  not  only  do  not  unite  with  water,  but  also  do  not 
depress  the  freezing-point  of  that  liquid,  it  did  not  seem  un- 
likely that  on  cooling  below  0°  a  solution  of  raw  sugar  con- 
taining about  50  per  cent,  of  solid  matter,  the  solid  cryohy- 
drate  would  be  formed  and  the  sugar  be  freed  from  colloid 
impurities.  As  caramel  certainly,  and  probably  other  foreign 
colouring-matters  in  raw  sugar  are  colloids,  I  have  succeeded 
in  greatly  purifving  raAv  sugar  by  this  method  of  cryohydra- 
tion.     Into  the  details  of  this  I  shall  not  here  enter. 

§  159.  Glycerine. — With  regard  to  this  substance  a  very 
remarkable  circumstance  may  be  noticed.  That  it  is  crystal- 
loid we  have  had  until  lately  (1)  the  indirect  e^^dence  de- 
pending upon  its  being  an  alcohol,  and  upon  several  alcohols 
being  known  in  the  solid  and  crystalline  state,  while  others 
which  are  not  so  known  yet  unite  with  crystalline  salts  ;  (2) 
the  direct  evidence  obtained  from  its  diflpusion  through  colloid 
septa.  Lately  it  has  been  observed  to  assume  the  form  of  a 
crystalline  solid.  Again,  it  has  lately  been  employed  in  aqueous 
solution  in  Pictet's  ice-machine  as  a  non-freezable  liquid  to 
yield  heat  to  vaporizing  sulphurous  acid,  and  take  it  from 
water  for  the  purpose  of  freezing  the  latter.  The  latter  faculty 
of  its  solution  to  resist  solidification  below  0°  C.  proves,  first, 
that  it  will  form  a  ciyogen,  and,  secondly,  that  it  will  form  a 
cryohydrate — the  latter  fact  again  proving,  as  we  shall  see  in 
§  161  et  seq.,  that  it  is  a  crystalloid. 

Pure  glycerine  dried  by  being  kept  for  a  week  over  oil  of 
vitriol  in  vacuo,  when  mixed  with  finely  crusihed  ice  forms  a 
cryogen  whose  temperature  is  — 19°  C. 


Table  XXXYIII. 


Cj  Hg  O3  per     H,  0  per  cent, 
cent,  by  weight.       by  weight. 

i 

Temperature 
at  which  solidi- 
fication begins. 

Nature  of  solid 
formed. 

5 

95 

-0-8 

Ice. 

10 

90 

-  20 

15 

85 

-  3  3 

20 

80 

-  50 

25 

75 

-  6-2 

30 

70 

-  8-8 

35 

05 

-115 

40 

50 

-13-9 

45 

55 

-16-7 

I  have   not  yet  succeeded  in  obtaining  the  cryohvdrate  of 
glycerine. 
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As  a  crvonjon  the  <;lyc'c'rine  behaves  as  hvdroclilorie  acid  and 
other  liquid  elements  of  crvoo;c'ns  ;  namely,  the  temperature  ob- 
tained is  lower  it'  the  liquid  be  previously  cooled. 

§  160.  Tartaric  Acid. — As  a  cryofren,  tartaric  acid  ^ives 
the  temperature  — 13°-5.  I  cannot  say  that  I  have  cleared  up 
all  the  ambiguities  in  the  behaviour  of  this  body.  The  sepa- 
ration of  ice  took  place  with  renuhiritv  as  far  as'the  following 
solutions  are  concerned. 


ceu    by  weight. 

Hj  0  per  cent, 
by  weiglit. 

Temperature  at 
wliieli  ice  sepa- 
rates. 

5 

95 

-   07 

10 

90 

-    14 

15 

8.1 

-  2  5 

20 

80 

-  37 

25 

75 

-  47 

30 

70 

-  6-3 

35 

65 

-  7-6 

40 

60 

-101 

45 

55 

-13 

Apparently  continuous  with  these  results  is  the  separation 
of  a  solid  at  —  1G°*5  from  a  5U-per-cent.  and  of  a  solid  at 
— 17°"6  from  a  55-per-cent.  solution.  But  there  is  here  really 
a  breach  of  continuity.  The  5.5-per-cent.  gives  up  tartaric 
acid  at  —17°  when  crystals  of  that  body  are  introduced.  And 
it  is  difficult  to  say  whether  ice,  or  acid,  or  a  cryohydrate  is 
separated  from  the  50-per-cent.  at  — 16°-5.  If  a  50-per-ceut. 
solution  be  cooled  to  —19°  and  a  smaller  portion  of  the  same  ■ 
solution  which  has  been  solidified  by  an  ether-carbonic-acid 
cryogen  be  introduced  into  the  first,  the  tem])erature  rises  to 
—  8°,  and  opaque  crystals  are  formed,  while  that  temperature 
is  constantly  maintained.  The  same  body  at  the  same  tem- 
perature is  formed  even  when  the  first  solution  has  only  been 
cooled  to  — 14°.  I  think,  therefore,  that  there  is  with  tar- 
taric acid  a  body  similar  to  that  which  we  encountered  with 
the  iodide  of  sodium,  namely  a  subcryohydrate.  Owing  to  the 
sirupy  nature  of  these  strong  solutions  at  these  low  tempera- 
tures, and  the  very  slow  rate  at  which  the  separation  of  their 
constituents  ensues,  I  do  not  think  that  analyses  of  such  inter- 
mediate subcryohydrates  would  ])e  sufficiently  trustworthy  for 
reproduction.  But  the  cryoh3'drate  which  separates  at  — 8° 
is  distinct  enough. 

4-0735  grms.  of  solution  gave  1*8972  gmi.  of  C4  Hg  Og,  or 
46'6  per  cent. 

A  solution  kept  for  two  days  and  nights  at  0°  showed  the 
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following  composition  :  5*1304  grms.  of  solution  gave  2' 7 233 
gnns.  of  C4  Hg  O4,  or  53*0  per  cent. 

(3)    Colloids  in  aqueous  solution  ;  their  behaviour  on  being 
cooled  and  on  being  heated. 

§  Ifil.  Generalities. — It  is  perhaps  only  by  an  extension  of 
the  definition  that  we  can  regard  solutions  of  colloids  as  solutions 
of  salts.  It  will  be  of  great  interest  to  examine  how  far  the 
two  classes  of  bodies  resemble,  and  how  far  they  differ  from 
one  another  in  aqueous  solution.  The  substantial  researches 
of  Graham  on  the  division  of  matter  into  crystalloids  and  col- 
loids, resulting  as  they  did  in  the  discovery  of  a  whole  series 
of  new  and  profoundly  interesting  bodies,  threw  a  flood  of 
light  on  molecular  physics.  He  showed  that  colloid  septa 
were  permeable  only  to  crystalloid  liquids,  and  thus  established 
amonaf  the  molecular  mechanism  of  matter  a  series  of  con- 
nected  facts  similar  to  and  of  no  less  importance  than  those 
which  have  of  late  attracted  so  much  attention  in  the  domain 
of  radiation  ;  for  that  sonorous  undulations  are  absorbed  by 
sympathetic  vibrators,  that  radiation  is  arrested  by  the  possi- 
ble authors  of  such  radiation,  cannot  long  be  separated  from  the 
fact  that  colloids  arrest  colloids  by  contact-continuity,  while 
they  are  permeable  (transparent,  diathermanous)  to  crystalloids. 

Recalling  a  few  of  the  distinguishing  properties  of  colloids, 
we  find  that  when  miscible  at  all  with  water  they  are  misci- 
ble  in  all  proportions.  Accordingly  one  colloid  cannot  pre- 
cipitate another  from  solution.  Towards  water  they  then 
behave  as  two  gases  behave  towards  one  another.  Some 
gelatinize  (gelatine) ;  others  do  not  (gum-arabic).  Some 
coagulate  by  heat  (albumen)  in  association  with  water.  In 
the  dry  state  they  are  amorphous  and  show  conchoidal  frac- 
ture. I  look  upon  a  water-jelly  as  consisting  of  an  indefinitely 
minute  cellulation  of  a  solid  colloid  enclosing  liquid  water. 
In  a  liquid  water-colloid  the  solid  colloid  particles  are  present 
but  they  do  not  form  closed  cells,  and  therefore  do  not  with 
their  contents  resist  change  of  form ;  nor  are  they  necessarily 
in  contact  w^th  one  another.  The  viscosity  of  such  a  mass  Is 
due  to  friction  between  its  solid  and  liquid  parts.  The  elas- 
ticity of  a  jelly  is  due  to  the  elasticity  of  its  cell-walls.  Thus 
I  can  form  a  model  of  a  jelly  by  pressing  together  little 
caoutchouc  bladders  containing  water  :  and  in  soap-suds  I 
recognize  a  jelly  of  a  higher  order ;  that  is,  instead  of  solid 
we  have  liquid  cell-walls,  and  instead  of  liquid  we  have 
gaseous  contents.  On  heating  or  stirring  the  suds  the  bub- 
l)les  burst,  the  liquid  walls  collapse  and  contract,  not  again  to 
\ie  formed  automatically.     On  heating  or  stirring  a  fellv  the 
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solid  colloid  walls  are  broken,  the  liquid  contents  of  the  in- 
dividual cells  become  continuous,  so  that  all  hydrostatic  laws 
hold  good.  Let  the  heated  liquid  cool,  and  similar  cells  are 
restored  ;  but  on  repeated  heating,  the  cells  are  burst  in  such 
divers  places  that  they  are  not  to  be  restored.  Such  re- 
storation is  also  hindered  and  prevented  on  stirring  during 
cooling. 

I  gladly  leave  these  speculations  for  the  facts  which  gave 
them  birth.  Through  the  kindness  of  Mr.  W.  C.  Roberts, 
F.R.S.,  there  were  placed  at  my  disposal  certain  of  the  inor- 
ganic colloids  prepai'ed  by  the  late  Mr.  T.  Graham,  the  Master 
of  the  Mint.  Some  of  these  are  spontaneously  undergoing  so 
interesting  a  change  that  I  have  been  unwilling  to  disturb 
them.  Others,  notably  a  solution  of  silicic  acid  and  of  ses- 
quioxide  of  iron  in  water,  I  find  contain  each  under  1  per 
cent,  of  oxide.  I  prepared,  therefore,  fresh  solutions,  follow- 
ing the  directions  given  by  Mr.  Graham,  and  meanwhile  ex- 
amined certain  organic  colloids. 

§  162.  Gum  arahic. — If  a  1-,  5-,  10-,  20-,  25- or  30-per-cent. 
aqueous  solution  of  gum  arable  be  cooled,  ice  begins  to  be 
formed  in  all  cases  at  0°  C.  exactly.  Even  a  35-per-cent. 
solution,  which  is  very  viscid,  begins  to  give  up  ice  at  0°,  and 
is  quite  solid  at  — 0°'5.  A  45-per-cent.  solution,  which  is 
semisolid,  shows  a  temperature  of  —1°  at  the  beginning  of 
sensible  ice-formation,  and  is  certainly  solid  at  — 1°'2.  This 
very  small  degree  below  0°  C.  in  so  viscid  a  substance  is  cer- 
tainly not  more  than  may  be  attributed  to  the  overcooling  of 
the  ice  already  formed.  I  can  find  no  trace  of  a  cryohydrate; 
and  that  such  does  not  exist  is  supported  by  the  fact  that,  in 
spite  of  the  great  solubility  of  gum  in  water,  when  powdered 
o-um  and  ice  are  mixed  together  the  resulting  temperature  is 
0°  exactly.  Gum  arable  is  therefore  powerless  as  a  cryogen. 
It  is  true  that  this  might  be  attributed  to  the  gum  acting  like 
a  certain  quantity  of  anhydrous  chloride  of  calcium,  which 
when  mixed  with  ice  may  compensate,  by  the  liberation  of 
heat  of  combination,  for  the  heat  absorbed  in  the  joint  lique- 
faction. But  that  such  balancing  does  not  ensue  is  shown  by 
the  fact  that  a  45-per-cent.  solution  of  gum  also  gives  0°  C. 
with  ice,  while  a  solution,  however  weak,  of  chloride  of  cal- 
cium will  absorb  heat  when  liquefying  ice  by  contact.  The 
same  is  also  proved  by  the  observation  that  when  gum  is 
mixed  with  water  the  alteration  in  temperature,  though  cer- 
tainly in  the  direction  of  heat-liberation,  is  very  inconsiderable. 
In  a  preliminary  experiment  I  found  that  powdered  gum  and 
water  mixed  in'indefinite  proportions  gave  a  rise  of  0°-75  C. 
As  the  result  of  a  number  of  more  exact  experiments,  it  ap- 
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peared  that  the  greatest  heat  was  developed  when  four  parts 
by  weight  of  water  were  mixed  with  one  of  finely  powdered 
gum  arabic  ;  a  rise  of  l°'l  ensued,  namely  from  15°*  7  to 
16°*8.  The  first  temperature  was  that  of  the  water  in  the 
outer  of  two  concentric  beakers,  the  inner  of  which  contained 
the  gum.  The  beakers  were  thickly  wrapped  and  covered 
with  flannel,  and  had  been  in  such  contact  for  several  hours. 
To  the  above  numbers,  however,  I  do  not  attach  much  quan- 
titative value  ;  for,  owing  to  viscosity,  solution  takes  place  very 
slowly.  The  results,  however,  clearly  show  that  the  heat  de- 
veloped is  far  too  small  to  counteract  any  great  heat-absorp- 
tion by  solution,  and  that  accordingly  the  latter  does  not  exist. 
The  heat  liberated  is  indeed  scarcely  more  than  the  heat  of 
capillarity. 

I  believe  that  most  of  us  would  have  been  disposed  to  pre- 
dict that  in  order  to  boil  a  solution  of  gmn  a  temperature 
above  100°  C.  would  be  required.  This  was,  I  confess,  my 
own  persuasion  until  I  was  enlightened  by  the  above  experi- 
ments on  the  separation  of  water  as  ice  from  gum-solutions  of 
all  strengths.  But  being  so  enlightened  I  was  able  to  predict 
that  a  solution  of  gum  would  boil  at  a  temperature  not  above 
100°  C.  A  20-per-cent.  solution  of  gum  arabic  appeared  to 
boil  in  a  test-tube  over  the  bare  flame  below  100°  C.  But  as 
it  is  almost  impossible  to  avoid  a  certain  amount  of  decompo- 
sition under  these  circumstances,  a  tube  holding  a  fresh 
quantity  of  the  20-per-cent.  solution  was  placed  in  a  wider 
tube  containing  a  solution  of  chloride  of  sodium  which  boiled 
at  104°  C.  On  heating  the  latter  gradually  the  gum-solution 
could  be  made  to  boil  before  the  brine  began  to  do  so.  And 
if  by  rapid  heating  the  latter  were  made  to  boil,  the  gum-solu- 
tion boiled  violently,  and  continued  to  do  so  after  the  brine 
had  ceased.  A  thermometer  in  the  gum-solution  showed 
100°  C.  Further,  a  40-per-cent.  solution  of  gum  arabic  when 
surrounded  by  boiling  water  boils  at  98°  C,  or  two  degrees 
lower  than  the  water. 

§  163.  Albumen. — Drv'  albumen  when  mixed  with  ice  can 
only  depress  the  temperature  0°*25  C.  Four  parts  by  weight 
of  water  and  one  of  albumen,  both  at  18°"2,  gave,  on  mixture, 
a  temperature  of  19°'5.  In  another  experiment  the  common 
temperature  rose  from  19°  to  21°.  In  the  above  experiments 
commercial  albumen  was  used.  For  more  exact  experiments 
white  of  egg  was  used,  which  analysis  showed  consisted  of 
13-37  per  cent,  of  albumen  (dried  at  100°  C.)  and  86-63  of 
water.  Such  white  of  egg  begins  to  separate  ice  at  0°  C,  and 
freezes  into  a  solid  mass  at  —  0°-5.  A  solution  diluted  to 
5  per  cent,  begins  to  give  up  ice  at  0°  C,  and  is  solid  at 
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—  if "2  C.  A  U>-per-cent.  solution  separates  ice  at  0°  C.,  and 
forms  a  solid  mass  at  — 0°*3  C.  The  l)oilin;:;-points  of  albu- 
menoid  solutions,  of  course,  could  not  be  determined.  And 
the  addition  of  alkalies  to  prevent  coagulation  would  naturally 
vitiate  the  results. 

§  164.  Gelatine. — The  gelatine  used  in  the  following  ex- 
periments was  such  as  is  commonly  used  by  confectioners. 
Solutions  of  this  substance  containing  5,  10,  15  and  20  per 
cent,  may  be  rapidly  cooled  under  constant  stirring  without 
gelatinizatiou.  Ice  in  all  such  ciises  begins  to  be  formed  at 
0°  C.  ;  and  the  whole  becomes  solid  at  that  temperature. 
Stronger  solutions  are  so  dilhcult  to  manipulate,  on  account 
of  their  gelatinizatiou  and  consequent  hardness,  that  the  re- 
sults with  them  are  doubtful.  As  tar  as  the  experiments 
extend,  however,  they  fail  to  show  that  the  freezing-tempera- 
ture is  atfected. 

A  20-per-cent.  solution  heated  (as  in  §  162)  in  a  brine-bath 
boiled  at  99°-9  C.  A  4o-per-cent.  solution  boiled  at  97°-5 ; 
and  a  50-per-cent.  solution,  which  is  as  stiii'  as  the  strongest 
glue  used  by  cabinet  makers,  boiled  also  at  i)7°'5.  A  very 
striking  and  conclusive  experiment  is,  to  surround  the  tube 
containing  the  50-per-cent.  solution  with  distilled  water  in 
another  tube.  If  the  exterior  water-tube  be  heated  slowly, 
the  glue  in  the  inner  tube  boils  before  the  water  in  the  outer 
one.  On  continually  stirring  the  frothy  viscid  mass,  the  true 
boiling-point  is  olj.-erved  to  be  constant  at  97'^"5. 

As  an  experiment  the  above  is  exceedingly  instructive,  aud, 
I  believe,  novel ;  but,  like  so  many  novel  and  instructive  pheno- 
mena, it  is  one  of  daily  occurrence.  The  blistering  and  froth- 
ing of  the  strongest  glue  when  heated  by  steam  or  water  in 
the  outer  pot  has  certainly  been  observed  hundreds  of  times 
in  every  carpenter's  shop.  Is  it  strange  or  is  it  natural  that 
so  familiar  a  tact  should  never  have  struck  us  as  requiring 
explanation  ? 

§  165.  Mirtures:  of  organic  colloids. — To  round  ofr  the  series 
of  experiments  with  colloids  homologous  with  those  of  crj's- 
talloids,  I  next  examined  a  mixture  of  gum  arabic  and  gela- 
tine. A  solution  was  made  containing  20  per  cent,  of  gela- 
tine, 20  of  gum  arabic,  and  60  of  water.  This  began  to  freeze 
and  froze  completely  at  0°  C.     It  boiled  at  97°- 7  C 

(4)   General  remarks  on  colloids. 

§  166.  The  depression  of  the  boiling-point  of  water  by  the 
solution  in  it  of  organic  colloids  has  its  analogies.  Amongst  the 
metals  innumerable  instances  occur  to  us  in  which  the  melting- 
point  of  an  alloy  is  not  only  lower  than  that  of  ono  constituent, 
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not  only  lower  than  the  mean  of  the  two,  but  lower  than  that  of 
either  or  any  of  the  constituents — witness  the  "fusible  metals." 
When  metals  are  alike  in  chemical  affinities,  they  have  little 
affinity  for  one  another.  They  mix  mainly  by  diffusion.  They 
dilute  one  another.  If  we  mix  sodium  with  sodium,  we  cer- 
tainly dilute  each  sodium  with  the  other  ;  the  adhesion  which 
we  supply  is  exactly  equal  to  the  cohesion  which  we  replace; 
the  resulting  mass  is  identical  with  its  constituents.  But  if 
we  mix  potassium  and  sodium  together,  by  diffusion  we  di- 
minish cohesion,  and  the  adhesion  introduced  is  less  than 
sufficient  to  replace  it ;  from  two  solids  we  get  a  liquid.  The 
similarity  of  the  metals  preyents  their  haying  any  notable 
relationship  Avith  one  another.  Equally  to  the  purpose  is  the 
recollection  of  the  alteration  in  boiling-point  which  follows 
the  mixture  of  liquids  which  are  chemically  neutral  to  one 
another.  Many  a  month  has  been  wasted  in  the  attempt  to 
get  propylic  alcohol  from  fusel  oil,  owing  to  the  fact  that  a 
mixture  of  amylic  and  butylic  alcohols  will  commence  to  boil 
at  a  temperature  below  the  boiling-point  of  butylic  alcohol. 
Moist  ether  boils  below  dry  ether ;  and  eyen  a  liquid  such  as 
iodide  of  ethyl,  which  is  almost  insoluble  in  water  and  which 
dissolyes  but  little  of  that  body,  has  its  initial  boiling-point 
already  lower  than  that  of  water.  The  work  done  by  the  heat 
in  separating  the  particles  of  a  body  is  already  effi'cted  by  the 
interpenetration  of  the  associated  body.  Cohesion  is  dimi- 
nished and  a  less  heat-tension  is  required  to  complete  the 
separation  of  the  more  yolatile  constituent  as  yapour. 

From  another  aspect  we  may  consider  the  neutral  body  to 
act  as  an  infinite  series  of  points,  and  recall  the  fact  that,  on 
eyaporating  saturated  solutions  of  yarious  salts  oyer  a  steam- 
bath,  bubbles  are  frequently  formed  beneath  the  salt-pellicle, 
owing  perhaps  to  the  multiplicity  of  points,  at  temperatures 
certainly  below  100°  C,  while  the  clear  solution  of  the  same 
salt  when  saturated  demands  a  temperature  seyeral  degrees 
aboye  100°  C.  for  ebullition.  The  rise  in  temperature  sho^Ti 
on  mixing  a  dry  colloid  with  water  is  probably  connected  Avith 
the  deficit  below  100°  C.  of  the  temperature  required  to  boil 
the  resulting  colloid  solution. 

Returning  to  the  separation  of  ice  from  colloid  solutions,  we 
must  conceiye  that  Avhen  ice  so  separates  that  the  solution 
becomes  enriched  in  regard  to  the  colloid  body,  the  particles 
of  ice  in  contact  with  the  source  of  cold  become  oyercooled 
(that  is,  fall  below  0°  C.)  on  account  of  the  insufficient  circula- 
tion and  the  imperfect  thermal  conductiyity  of  ice  and  of  the 
colloid  solution.  But  when  such  oyer-cooled  ice  is  stirred 
with  the  colloid  solution  a  fresh  portion  of  ice  is  formed  if 
the  latter  is  already  at  0°  C.  ;  if  aboye  0°  C.,then  some  of  the 
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ice  melts  :  in  either  case  the  0°  C.  is  restored.  Ultimately 
the  solid  particles  of  the  anhydrous  colloid  must  lie  side  by 
side  with  the  ice  particles,  as  they  do  when  the  two  are  mixed 
as  powders,  as  in  §  162.  They  are  as  independent  of  one 
another  as  are  the  particles  of  ether  and  chloroform  when  the 
two  are  mixed,  or  as  are  the  particles  of  two  gases  which 
diffuse  through  one  another  without  combination. 

I  reserve  the  results  which  I  have  obtained  with  inorganic 
colloids  for  a  future  communication. 

The  figure  shows  the  same  constants  as  were  shown  in  the 
figure.  Paper  IV.,  but  with  the  new  salts. 

XXIX.  Notices  respecting  New  Books. 
The  Moon,  and  the  Condition  and  Conjigurations  of  its  Surface.     By 

Edmxtn^d  Neison,  F.R.A.S.  ^r.  London :  Longmans,  Green,  &  Co. 
l\/rAjN^T  distinct  branches  of  observational  astronomy  have  been 
-^'-'-  cultivated  o£  late  years,  some  to  a  much  greater  extent  than 
others ;  that  which  has  received  the  smallest  amount  of  attention 
is  Selenography,  especially  the  topography  of  our  satellite  or  the 
configurations  of  its  surface.  It  is  true  a  few  energetic  workers 
have  been  engaged  for  some  years  past  in  studying  certain  portions 
of  the  kmar  disk ;  still  the  progress  of  selenography  has  been  slow 
as  compared  with  that  of  other  departments  of  astronomy.  The 
work  now  before  us,  if  we  are  not  greatly  mistaken,  wiU  have  an 
opposite  influence  on  the  progress  of  the  study  of  the  moon's  sur- 
face to  that  which  Madler's  great  work  produced  in  his  day ;  for, 
the  opinion  which  prevailed  (alluded  to  by  our  author)  being  that 
the  moon  was  an  airless,  waterless,  lifeless,  unchangeable  desert, 
astronomers  then  du'ected  their  attention  to  other  fields  of  research, 
and  selenography  rested  on  its  laurels,  making  no  further  progress 
for  many  years. 

The  author  has  divided  his  work  into  two  portions,  the  first  of 
which  consists  of  five  chapters,  in  which  he  treats  (1)  of  the 
motions,  figure,  and  dimensions  of  the  moon,  (2)  of  the  physical 
condition  of  its  surface,  (3)  of  the  lunar  formations,  (4)  of  lunar 
history,  and  (5)  of  the  variations  of  the  surface.  The  greatest 
portion  of  the  materials  of  Chapter  I.  may  be  found  in  most  astro- 
nomical works ;  the  second  chapter,  however,  treats  at  some  length 
on  the  much-disputed  question  of  a  lunar  atmosphere,  the  author 
considering  that  its  existence  must  be  regarded  as  certain.  The 
characteristics  of  the  lunar  surface,  especially  in  comiexion  with 
terrestrial  analogies,  are  well  treated  in  this  chapter,  as  well  as  its 
temperature  as  modified  by  the  presence  of  an  atmosphere.  The 
concluding  paragraph  of  this  chapter  is  important  as  bearing  on 
the  analogy  of  lunar  as  compared  with  terrestrial  forces.  "  The 
gradual  progress  in  our  knowledge  of  the  present  condition  of  the 
surface  of  our  satellite  is  surely,  if  slowly,  pointing  out  in  unmis- 
takable terms  the  entire  analogy  in  nature,  if  not  wholly  in  degree, 
of  the  forces  that  have  moulded  the  surfaces  of  the  earth  and  moon 
to  their  present  state." 
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In  the  third  chapter  the  author  divides  the  entire  surface  of  the 
moon  into  three  great  classes — namely  plains,  craters,  and  moun- 
tains, the  former  consisting  of  the  dark  and  light  plains.  The  well- 
known  formations,  '*  craters,"  he  divides  into  nine  classes — namely 
walled  plains,  mountain  rings,  ring  plains,  crater  plains,  craters, 
craterlets,  crater  pits,  crater  cones,  and  depressions ;  while  he  reckons 
as  many  as  twelve  classes  of  mountains — namely  the  great  ranges, 
highlands,  mountains,  and  peaks,  constituting  the  greater  elevations, 
while  the  hill-lands,  plateaus,  hills,  and  mountain-ridges  form  the 
lesser ;  he  also  particularizes  hillocks,  mounds,  ridges,  and  land- 
swells  as  comprising  the  smaller  iiTegularities  of  the  surface. 
Although  the  number  of  these  divisions  is  somewhat  extensive,  it 
will  be  useful  in  studying  the  smaller  lunar  features,  especially 
such  as  occur  on  the  walls  of  the  larger  plains.  Portions  of  these 
walls  Mr,  Neison  is  disposed  to  regard  as  forming  parts  of  long 
continuous  mountain-ranges — a  view,  if  we  mistake  not,  which  has 
been  previously  promulgated — many  of  the  walled  and  ring-plains 
"  a])pearing,"  he  says,  "  more  like  confluent  plains  or  spaces  en- 
closed by  intersecting  mountain-chains."  The  most  interesting 
objects  in  the  author's  classification  of  ci-aters  are  "  crater-cones," 
of  which  he  says  : — "  Perhaps  the  true  representatives  upon  the 
moon  of  the  existing  terrestrial  volcanoes  have  only  of  late  years 
had  their  distinctive  features  recognized,  and  even  when  excep- 
tionally well  placed  are  only  with  difficulty  distinguishable  from 
the  bright  mountain-peaks  and  minute  white  spots  dispersed  over 
the  lunar  surface.  iSteep  conical  hills  or  mountain-peaks,  from 
one  half  to  two  or  three  miles  in  diameter,  with  deep  cone-like 
central  depressions  scarcely  one  half  of  this  size  in  diameter,  they 
remain  in  high  illumination,  visible  as  white  brilliant  spots  of 
minute  dimensions,  and  only  under  favourable  conditions  can  their 
central  apertures  be  detected  even  in  the  most  powerful  instru- 
ments. .  .  .  Under  any  circumstances  they  are  difficult  to 
distinguish  from  bright  mountain-peaks  and  white  spots,  whilst  in 
many  ways  they  bear  a  considerable  resemblance  to  terrestrial 
volcanic  cones  ;  and  it  is  therefore  not  without  interest  to  find  that 
many  phenomena  perhaps  indicating  actual  lunar  changes  present 
themselves  in  obser^dug  these  objects."  In  this  chapter  the  author 
draws  attention  to  those  remarkable  features  known  as  rills  or 
clefts,  and  the  great  ray-systems,  also  to  the  different  varieties  of 
brightness  and  colour  found  on  the  surface  of  our  satellite. 

Chapter  IV.  is  devoted  to  general  lunar  history ;  we,  however, 
think  that,  had  the  author  given  separately  the  two  branches  of 
historv,  viz.  that  w  hich  culminated  in  the  advanced  state  of  the 
lunar  theory  and  that  which  has  reference  to  the  surface,  both  (as 
at  present)  arranged  chronologically,  some  little  trouble  to  the 
seleuographer  w  ould  have  been  saved. 

The  last  chapter,  V.,  of  those  forming  the  Introduction  treats  of 
the  variations  of  the  surface  ;  and  of  these  the  author  has  taken,  as 
it  appears  to  us,  the  most  consistent  and  truthf  id  views,  considering 
that  so  little  is  really  known  of  the  vast  majority  of  the  minor 
details  of  the  moon's  surface.  He  says  that  "a  very  considerable 
alteration  of  the  present  constitution  of  the  surface  might  occur  at 
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anj  moment,  without  the  slightest  probability  of  its  being  detected 
as  an  instance  of  physical  change  on  the  moon.  Thus,  for  example, 
if  on  the  moon  proportionately  the  same  amount  of  volcanic  energy 
were  every  year  manifested  in  a  similar  manner  to  what  occurs  on 
the  earth,  there  is  no  reason  whatever  for  supposing  that  it  would 
have  been  hitherto  detected.  With  the  present  condition  of  our 
acquaintance  with  the  topography  of  the  lunar  surface,  in  this 
state,  it  is  not  in  the  slightest  degree  surprising  that  no  definite 
instance  of  volcanic  energy  on  the  moon  has  hitherto  unmistakably 
declared  itself.  Xor  can  this  circumstance  justify  its  being  held 
that  selenological  volcanic  activity  must  have  long  ere  this  entirely 
ceased  to  exist."  As  one  of  the  instances  in  which  there  may  be 
great  probability  of  physical  change  having  taken  place,  Hr.  Xeison 
gives  the  well-known  case  of  Liniie,  which  he  treats  with  consider- 
able impartiality,  and  shows  that,  so  far  as  the  eN^dence  collected  in 
1867  and  1868  bears  on  the  question,  it  is  the  difficulty  of  recon- 
ciling Schroters  mth  Lohrmann's  and  Madler's  drawings  which 
renders  any  conclusion  as  to  a  real  change  having  taken  place 
unsatisfactory.  For  his  treatment  of  this  vexed  question  we  must 
refer  the  reader  to  the  work  itself,  pp.  185-192.  We  may,  how- 
ever, remark  that  the  whole  matter  tui'us  upon  the  identihcation 
of  one  or  other  of  two  of  Schroter's  spots  with  Linne ;  on  this 
point  the  author  says  : — "  Birt's  view  of  the  identit}""  of  g  and  Linne, 
and  of  V  with  the  small  white  spot  known  to  exist  south  of  it, 
merits  consideration ;  for  if  this  be  correct,  the  weight  laid  upon 
Schroter's  di-awings  as  showing  that  in  his  time  Linne  presented 
the  same  appearance  as  now,  rests  on  a  misconception ;  and  with 
the  correction  of  this  the  entire  fabric  constructed  to  demonstrate 
the  absence  of  any  change  in  Linne  crumbles  into  ruin." 

The  second  and  by  far  the  largest  portion  of  the  work  consists 
of  a  description  of  the  513  named  objects  on  the  surface  of  the 
moon,  accompanied  by  twenty-two  maps  showing  their  localities. 
This  portion,  there  can  be  no  doubt,  must  be  found  of  great  value 
to  the  selenographer.  It  would,  however,  have  contributed  to  easy 
reference  had  each  formation  been  preceded  by  a  number,  as  in 
AVebb's  book.  The  information  contained  in  the  description  of 
these  objects  supplies  a  want  increasingly  felt  by  exery  student  of 
the  moon's  surface.  A  chapter  is  added  on  selenographical  formulae, 
also  tables  of  points  of  the  first  order,  lunar  elements,  &c. 

Taking  a  general  view  of  the  work,  it  is  one  that  brings  before 
the  student  nearly  the  whole  of  the  known  desiderata  of  seleno- 
graphy, which,  combined  with  the  valuable  information  it  contains, 
renders  it  a  most  important  acquisition  ;  we  notice,  however,  the 
absence  of  one  characteristic  which  might  have  been  introduced 
with  advantage.  Mr.  Xeison  repeatedly  urges  the  necessity  of 
certain  features  being  subjected  to  a  close  and  searching  investiga- 
tion ;  a  short  chapter  on  the  best  method  of  conducting  such 
investigations  would  greatly  contribute  to  guide  observers  who  may 
be  just  entering  on  the  study  of  selenography  ;  and  no  one  could 
pen  instructions  of  the  kind  so  well  as  the  author,  whose  success 
both  as  regards  this  work  and  his  future  investigations  we  most 
sincerely  desire. 

Q2 
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Report  on  the  Superinduced  /Structure  of  liochs,  callid  Juintinr/  ;  and 

its  relation  to  Slati/  Cleavage.     B>/  Prof.   W.  Kino,  Sc.D.   ^c. 

(Trans.  Koyal  Irish  Acad.  vol.  xxv.  pp.  605-662,  with  plates 

xxxiv.  to  xxxviii.)  4to.    1875. 

Joint-structure  of  rocks  has  necessarily  commanded  the  attention 
of  geologists  aud  others  who  deal  with  rock-masses,  whether  prac- 
tically or  theoretically,  because  it  has  to  do  with  the  mechanical 
treatment  of  stone  in  quari'ies,  and  with  the  history  of  the  rocks  (as 
a  superinduced  structure).  The  jointing  of  basalt,  granite,  coal,  and 
of  various  limestones  and  sandstones,  the  lamination  of  schists,  and 
the  cleavage  of  slates  have  had,  and  still  receive,  much  attention 
from  surveyors  and  physicists,  many  of  whom  are  mentioned  in  the 
first  paragraph  of  Professor  W.  King's  memoir.  The  Royal  Irish 
Academy  has  furthered  the  author's  researches  in  this  subject;  and 
his  views  are  expressed  aud  illustrated  in  this  memoir  under  two 
headings : — I.  Jointing,  its  character,  its  extensions,  its  original 
position,  its  dislocation,  its  development  at  different  periods,  its 
origin  ;  and  II.  Its  relation  to  slaty  cleavage. 

1.  Varieties  of  jointing  and  cleat,  close  or  open,  fine  or  rough, 
irregular  or  geometrical,  &c.  are  described.  2.  The  apparently 
more  or  less  meridional  or  equatorial  directions  and  extension  of 
joints,  and  their  original  perpendicularity  are  insisted  upon.  3. 
The  present  oblique  position  of  joints  or  coarse  cleavage  in  some 
strata  Ipng  between  non-jointed  beds  is  explained  by  the  lateral 
shift  of  such  perpendicidarly  jointed  strata.  4.  The  occurrence  of 
two  or  more  sets  of  jointings  at  different  angles,  in  successive  groups 
of  strata,  according  to  the  successive  jointing  and  occasional  shift- 
ing of  some  of  the  strata,  illustrates  the  development  of  this  struc- 
ture during  different  periods,  and  accounts  for  the  predominance 
of  some  sets  of  joints  and  veins  over  others.  5.  The  origin  of 
joints  is  referred  to  as  a  physical  phenomenon  due  to  "  divisional 
forces  akin  to  those  which  give  rise  to  mineral  cleavage  ;"  and,  lastly, 
slaty  cleavage  is  said  to  be  "  essentially  the  result  of  pressure 
exerted  against  divisional  planes,  chiefly  belonging  to  jointing,  that 
existed  in  any  given  rock  prior  to  its  becoming  affected  by  such 
pressure." 

Fundamental  Principles  of  Arctic  Investigation.     By  Lieut.  C.  Wet- 
PEECHT,  /.  R.  Austrian  Navy.     In  an  Address  to  the  Meeting  of 
German  Naturalists  at  Gratz,  Sipt.  18,  1875. 
Lieutenant  Weypreeht  points  out  the  immense  advantages  that 
would  accrue  to  science  and  general  well-being  from  a  perfect  know- 
ledge of  Terrestrial  Magnetism  and  Meteorology,  the  real  basis  for 
which  is  only  to  be  found  in  regulated,  continuous,  and  synchronous 
observational  study  in  circumpolar  regions,  aud,  for  the  northern  he- 
misphere, necessarily  within  the  arctic  circle.    He  fully  appreciates 
the  value  of  polar  investigation  in  astronomy  and  geodesy  ;  also  the 
importance  of  the  polar  flora  and  fauna,  and  the  study  of  life, 
whether  migratory  or  fixed,  under  such  extreme  conditions ;  also 
geological  phenomena  and  their  bearings,  and  the  interest  felt  in  geo- 
graphical discovery.  He  regrets,  however,  that  the  race  for  the  pole 
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is  made  the  primarr  object  of  expensive  expeditions.  The  establish- 
ment of  more  observatories  in  arctic  lands,  and  the  strengthening 
of  those  already  formed,  would  be  of  far  greater  service  to  science, 
and  productive  of  greater  gain  to  na^dgation  and  general  useful 
knowledge.  Austria  is  williug  to  join  in  international  estabUsh- 
ments  of  this  kind.  He  refers  to  Sir  J.  C.  Eoss's  Antarctic  Expe- 
dition as  a  model  scientific  voyage,  and  draws  attention  to  the  good 
results  of  the  economic  expeditions  wintering  in  the  Spitzbergen 
archipelago,  and  devoted  to  physical  and  meteorological  observation 
rather  than  to  geographical  discovery.  The  loss  of  the  open  weather 
by  long  sledging  expeditions  destroys  real  scientific  research. 
Arctic  research  is  of  the  highest  importance  to  the  knowledge  of 
nature's  laws  ;  but  independent  series  of  observations  (especially  if 
chieflv  devoted  to  geography)  have  but  little  value,  compared  with 
stationary  observatories  encircling  the  arctic  lands,  and  working  on 
s-sTichronous  magnetic  "  term-days  "  and  other  agreed  times  and 
periods,  without  which  physical,  astronomical,  and  meteorological 
phenomena  cannot  be  reduced  to  their  natural  laws. 


XXX.  Proceedings  of  Learned  Societies. 

ROYAL  SOCIETY. 

[Continued  from  p.  151.] 

Mar.  2,1876. — Dr.  J.  Dalton  Hooker,  C.B.,  President,  in  the  Chair. 

T^HE  following  paper  was  read  : — 

"  Preliminary   Xote  on  the  Compound  Mature   of   the   Line 
Spectra  of  Elementary  Bodies."     By  J.  X.  Lockyer,  F.R.S. 

In  a  former  communication  to  the  Eoyal  Society  (Proc.  vol.  xxii. 
p.  380,  1S74)  I  referred  briefly  to  the  possibUity  that  the  well- 
kno'mi  line  spectra  of  the  elementary  bodies  might  not  result  from 
the  vibration  of  similar  molecules ;  and  I  was  led  to  make  the 
remark  in  consequence  of  the  differences  in  the  spectra  of  certain 
elements  as  observed  in  the  spectrum  of  the  sun  and  in  those 
obtained  with  the  ordinary  instrumental  appliances. 

I  have  now  clear  evidence  that  the  molecular  grouping  of  calcium 
which,  with  a  small  induction-coil  and  small  jar,  gives  a  spectrum 
with  its  chief  line  in  the  blue,  is  nearly  broken  up  in  the  sun  (and 
quite  broken  up  in  the  discharge  from  a  large  coil  and  jar)  into 
another  or  others  with  lines  in  the  violet. 

I  say  "  another ''  or  "  others,"  because  I  have  not  yet  been  able 
to  determine  whether  the  last-named  lines  proceed  from  the  same 
or  difierent  molecules  ;  and  it  is  possible  we  may  have  to  wait  for 
photographs  of  the  spectrum  of  the  brighter  stars  before  this  point 
can  be  determined. 

This  result  enables  us  to  fix  with  very  considerable  accuracy  the 
electric  dissociating  conditions  which  are  equivalent  to  the  degree 
of  dissociation  at  present  at  work  in  the  sun. 

I  beg  permission  to  append  the  following  Letter  from  Prof. 
Stokes,  and  my  reply  : — 
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March  3,  1876. 

My  deah  Lockter, — Tou  might  perhaps  like  that  I  should  put 
on  ])aper  tlie  substance  of  the  remarks  I  made  last  night  as  to  the 
evidence  of  the  dissociation  of  calcium. 

AVhen  a  solid  body  such  as  a  platimim  wire,  traversed  by  a  vol- 
taic current,  is  heated  to  incandescence,  we  know  that  as  the  tempe- 
rature increases,  not  only  does  the  radiation  of  each  particular 
refrangibility  absolutely  increase,  but  the  proportion  of  the  radia- 
tions of  Ihe  different  refrangibilities  is  changed,  the  proportion  of 
the  higher  to  the  lower  increasing  with  the  temperature.  It  would 
be  in  accordance  with  analogy  to  suppose  that  as  a  rule  the  same 
would  take  place  in  an  incandescent  surface,  though  in  this  case 
the  spectrum  would  be  discontinuous  instead  of  continuous.  Thus 
if  A,  B,  C,  D,  E  denote  conspicuous  bright  lines,  of  increasing  re- 
frangibility,  in  the  spectrum  of  the  vapour,  it  might  very  well  be 
that  at  a  comparatively  low  temperature  A  should  be  the  brightest 
and  the  most  persistent ;  at  a  higher  temperature,  while  all  were 
brighter  than  before,  the  relative  brightness  might  be  changed,  and 
C  might  be  the  brightest  and  the  most  persistent,  and  at  a  still 
higher  temperature  E.  If,  now,  the  quantity  of  persistence  were  in 
each  case  reduced  till  all  lines  but  one  disappeared,  the  outstanding 
line  might  be  A  at  the  lowest  temperature,  C  at  the  higher,  E  at 
the  highest.  If  so,  in  case  the  vapour  showed  its  presence  by  ab- 
sorption but  not  emission,  it  follows,  from  the  correspondence  be- 
tween absorption  and  emission,  that  at  one  temperature  the  dark 
line  which  would  be  the  most  sensitive  indication  of  the  presence  of 
the  substance  would  be  A,  at  another  C,  at  a  third  E.  Hence, 
while  I  regard  the  facts  you  mention  as  evidence  of  the  high  tem- 
perature of  the  sun,  I  do  not  regard  them  as  conclusive  evidence  of 
the  dissociation  of  the  molecule  of  calcium. 

Tours  sincerely, 

G.  G.  Stokes. 

5  Alexandra  Road,  Finchley  Boad,  N.W., 
March  5,  1876. 

Dear  Proeessor  Stokes, — I  was  not  prepared  for  your  sug- 
gestion, as  it  was  the  abnormal  and  not  the  normal  behaviour  of 
Ca  which  led  me  to  investigate  it. 

D  is  darker  than  any  other  of  the  Xa  lines,  and  H  in  the  chromo- 
sphere at  the  Ca  level  is  red,  while  in  the  coronal  atmosphere  it  is 
green  ;  i.  e.  the  least  refrangible  line  is  developed  by  increase  of 
temperature,  and  not  the  more  refrangible  one*. 

I  am  not  the  less  grateful  to  you  for  your  suggestion  ;  and  so 
soon  as  I  can  obtain  the  use  of  a  more  powerful  coil  I  will  go  over 
the  ground  as  completely  as  I  can. 

Are  you  quite  sure  that  the  molecular  structure  of  the  platinum 
wire  IS  constant  while  it  behaves  as  you  say  it  does  ? 

*  [The  point,  however,  is,  Which  is  the  most  persistent  line  at  the  respective 
temperatures,  i.  c.  the  last  to  disappear  when  the  quantity  of  substance  present 
is  contimiaUy  reduced?  and  Mr.  Lockyer  himself  has  shown  that  the  line  which 
is  the  most  conspicuous  when  there  is  substance  enough  present  to  show  several 
lines  is  by  no  means  necessarily  the  most  persistent. — G.  Or.  S.] 
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I  beg  you  viill  permit  your  letter  and  this  to  appear  in  the  Pro- 
ceedings.    It  will  make  my  note  more  useful  if  you  will. 

Believe  me 

Very  faithfully  yours, 

J.  NOEMAN  LOCKYEE. 

March  23. — Joseph  Dalton  Hooker,  C.B.,  President,  in  the  Chair. 

The  following  paper  was  read  : — 

"  On  the  Force  caused  by  the  Communication  of  Heat  between  a 
Surface  and  a  Gas,  and  on  a  2^ew  Photometer."  By  Prof.  Osborne 
Eeynolds. 

This  paper  contains  an  account  of  an  experimental  investigation 
undertaken  with  a  view  to  support,  by  absolute  measurements,  the 
theoretical  arguments  by  which  the  author  endeavoiu-ed  to  prove  the 
existence  of  reactionary  forces  or  "  heat-reactions  "  whenever  heat 
is  communicated  from  a  surface  to  a  gas,  and  vice  versa,  and  the 
connexion  between  these  forces  and  the  motion  caused  by  heat  and 
light  falling  on  bodies  in  vacuo. 

Since  the  publication  of  the  author's  paper  on  this  subject  in  the 
'  Proceedings '  for  April  1874,  the  correctness  of  his  conclusions 
with  regard  to  the  existence  of  these  heat-reactions  has  not  been 
controverted  or  even  questioned ;  while  Professors  Tait  and  Dewar, 
after  an  elaborate  investigation,  entirely  confirm  the  author,  not  only 
in  these  conclusions,  but  also  in  his  view  as  regards  the  explanation 
of  Mr.  Crookes's  experiments.  Mr.  Crookes,  however,  appears 
entirely  to  repudiate  this  explanation,  arguing, — 

1.  That  he  obtains  his  best  results  in  vacua  so  perfect  that  there 
is  no  air  either  to  receive  the  heat  or  react  on  the  surface. 

2.  That  the  force  is  radiant  in  character. 

3.  That  light,  as  well  as  heat,  produces  the  motion,  which  conse- 
quently cannot  be  due  to  the  heating  of  the  surface. 

Ha\ang  obtained  one  of  the  beautiful  little  "  light-miUs  "  con- 
structed by  Dr.  Geissler,  of  Bonn,  the  author  was  in  a  position  to 
make  quantitative  measurements  of  the  effects  produced  and  of 
the  force  producing  them. 

Li  the  first  place,  uith  regard  to  the  sufficiency  of  the  residual 
air  to  cause  the  motion.  It  was  found  that  this  air  is,  -n-ith  the 
exception  of  the  friction  of  the  pivot,  which  is  found  to  be  so 
small  as  to  be  inappreciable,  the  sole  cause  of  the  resistance  which 
the  mill  experiences,  of  the  limit  which  is  imposed  on  its  speed 
for  each  intensity  of  light,  and  of  the  rapidity  with  which  it  comes 
to  rest  when  the  light  is  removed.  The  law  of  resistance,  as  deter- 
mined by  careful  measurements,  is  fomid  to  agree  perfectly  with 
the  resistance  which  highly  rarefied  air  would  offer  to  its  motion ; 
and  this  law  is  distinctly  special  in  its  character,  being  propor- 
tional to  the  velocity  at  low  speeds,  and  gradually  tending  towards 
the  square  of  the  velocity  as  the  speed  increases. 

Having  established  the  fact  that  there  is  sufficient  air  in  the  mill 
(and  Mr.  Crookes's  behaves  m  the  same  maimer  as  this  mill)  to 
balance,  by  its  resistance,  the  force  which  moves  the  mill,  it  is 
argued  that  aU  question  as  to  the  sufficiency  of  the  air  to  cause  the 
forces  is  removed.     What  the  air  can  prevent  it  can  cause. 
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As  regards  the  possibility  of  the  motion  being  in  any  way  the 
direct  result  of  radiation.  This  supposition  the  author  had  pre- 
viously shown  to  be  directly  contradicted  by  the  fundamental  law 
of  motion,  tliat  action  and  reaction  are  equal.  A  cold  body  runs 
a\^  ay  from  a  hot  body,  while,  if  free  to  move,  the  hot  body  will 
run  after  the  cold  body,  show  ing  that  the  force  does  not  act  from 
body  to  body,  but  that  each  body  propels  itself  through  the  sur- 
rounding medium  in  a  direction  opposite  to  its  hottest  side,  the 
effect  of  one  body  on  the  other  being  due  solely  to  the  disturbance 
which  it  causes  in  the  equilibrium  of  temperature. 

The  truth  of  this  view  was  entirely  confirmed  by  an  experiment 
made  by  Dr.  Schuster,  to  be  communicated  to  the  Koyal  Society. 
Dr.  Schuster,  by  suspending  the  entire  mill,  was  able  to  see  whether 
the  force  which  causes  the  vanes  of  the  mill  to  revolve  caused  any 
twisting  force  on  the  envelope  ;  and  he  found  that  such  twisting 
force,  so  far  as  it  existed,  Mas  exactly  what  must  result  from  a 
force  arising  entirely  within  the  mill,  i.  e.  between  the  vanes  and 
the  medium  immediately  surrounduig  them.  "While  the  vanes 
were  acquiring  momentum  a  reaction  ^^■as  experienced  by  the  enve- 
lope ;  but  when  the  vanes  had  acquired  fuU  speed,  the  envelope 
was  subjected  to  no  force  whatever  ;  when,  however,  the  light  was 
turned  off,  the  vanes,  by  virtue  of  the  friction  they  experienced, 
tended  to  drag  the  envelope  with  them. 

Besides  proving  that  the  force  acts  between  the  vanes  of  the  mill 
and  the  medium  immediately  surrounding  them.  Dr.  Schuster's 
experiments  furnish  a  quantitative  measure  of  the  actual  force. 
Taking  the  manner  of  suspension  and  the  weight  of  the  mill  into 
consideration,  the  effect  produced  showed  that,  when  making  240 
revolutions  per  minute,  the  torsional  force  on  the  vanes  does  not 
exceed  one  forty  millionth  part  of  a  pound  acting  on  a  lever  a 
foot  long ;  that  the  pressure  of  the  gas  on  the  vanes  to  produce 
this  was  not  more  than  one  two  million  five  hundred  thousandth  part 
of  a  pound  on  the  square  inch,  or  one  thousandth  part  of  the  pres- 
sure in  a  Torricellian  vacuum,  thus  placing  the  extreme  minute- 
ness of  the  forces  in  a  clear  light,  a  light  from  which  the  extreme 
delicacy  of  Mr.  Crookes's  instrument  had  altogether  withdrawn 
them. 

It  is  then  shown,  on  theoretical  grounds,  that  the  difference  of 
temperature  on  the  t^^•o  sides  of  the  vanes  necessary  to  cause  heat- 
reactions  of  this  magnitude  could  not  be  less  than  1"'7  F.,  while 
the  probability  is  that  it  is  considerably  more. 

In  order  to  apply  this  test  and  see  how  far  the  actual  difference 
of  temperature  in  Dr.  Schuster's  experiments  corresponded  with  that 
deduced  from  the  theory,  a  new  photometer  was  devised  by  the 
author  with  an  immediate  ^-iew  of  measuring  the  difference  of  tem- 
perature caused  by  light  on  a  black  and  a  white  surface. 

Of  two  thin  glass  globes,  2|  inches  in  diameter,  connected 
by  a  siphon-tube  |  inch  internal  diameter,  one  \^as  blackened 
with  lampblack  on  the  inside  over  one  hemisphere  and  the  other 
was  whitened  with  chalk  in  a  similar  manner,  the  two  clean  faces 
of  the  globes  being  turned  in  the  same  direction.     Oil  was  put 
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in  the  tube,  and  the  globes  were  other«nse  sealed  up.  Any  light 
which  enters  through  the  clean  faces  is  received  on  the  black  and 
white  surfaces ;  and  the  air  hi  the  globes  expands  in  accordance 
"with  the  difference  of  temperature  which  they  attain,  moving  the 
oil  in  the  tube.  A  motion  of  ^  an  inch  on  the  part  of  the  oil  shows 
a  difference  of  2°-2  iu  the  temperature  of  the  air  -n-ithin  the  globes. 

The  instrument  so  constructed  is  exceedingly  delicate,  and  will 
show  a  difference  in  the  intensity  of  light  sufficieut  to  make  one 
revolution  per  minute  difference  in  the  speed  of  the  mill.  As  a 
photometer  it  is  much  more  convenient  than  the  mill ;  and  its  con- 
struction presents  much  less  difficulty.  By  maldng  the  lower  por- 
tion of  the  siphon-tube  horizontal,  and  using  glass  indices  after 
the  manner  of  Rutherford's  thermometer,  the  instrument  might  be 
made  to  record  maxima  and  minima  intensities  of  light,  as  well  as 
be  more  delicate  in  other  respects. 

Measured  with  this  instrument,  the  light  necessary  to  giA'e  the 
mill  240  revolutions  per  minute  does  not  exceed  24°,  and  is  pro- 
bably less  than  this,  which  shows  that  the  theoretical  difference  of 
heat  necessary  to  cause  the  heat-reactions  is  well  \vithin  the  differ- 
ence as  actually  measured,  leaving  an  ample  margin  for  error  iu 
the  methods  of  approximation  used  in  the  calculation. 

In  concludiug  the  paper  the  author  claims  to  ha^  e  set  at  rest  the 
only  point  respecting  the  explanation  of  the  motion  caused  by 
heat  which  remained  doubtful  after  he  had  discovered  that,  accord- 
ing to  the  kinetic  theory,  the  communication  of  heat  to  a  gas  must 
cause  a  force  reactionary  on  the  surface,  viz.  whether  this  reaction 
was  adequate  in  amount  to  cause  the  results  seen  to  take  place. 

He  adds  a  suggestion  as  to  a  new  form  of  light-mill  to  have 
vanes  inclined  hke  the  sails  of  a  windmill,  and  not  having  one  side 
white  and  the  other  black,  like  the  light-mills  at  present  construc- 
ted, arguing  that  the  forces  act  perpendicularly  to  the  surface,  and 
in  a  direction  independent  of  that  from  which  the  light  comes ;  so 
that  such  a  mill  would  turn  like  a  windmill  with  the  full  and  not 
merely  the  differential  effect  of  the  light.  Such  a  mill,  he  con- 
cludes, would  furnish  another  test  as  to  whether  or  not  the  force  is 
directly  referable  to  radiation. 

XXXI.  Intelligence  and  Miscellaneous  Articles. 

ON  THE  ELECTROMAGNETIC  ACTION  OF  ELECTRIC  CONVECTION. 
BY  DR.  HELMHOLTZ  *. 
T  UNDEESTAND  by  electric  convection  the  conveyance  of  electri- 
■*-  city  by  the  motion  of  its  ponderable  bearers.  In  my  last  memoir  on 
the  theory  of  electrodynamics  t,  I  proposed  some  experiments 
(which  were  then  carried  out  by  Herr  jS".  Schiller)  in  which  the 
question  came  into  consideration  whether  electric  convection  is 
dynamically  equivalent  to  the  flow  of  electricity  in  a  conductor,  as 

*  A  Report  on  some  experiments  carried  out  by  Mr.  Henry  A.  Row- 
land, of  J.  Hopkins's  University  in  Baltimore. 

t  Monatshericht  of  the  Berlin  Academv  of  Sciences,  June  17,  1875, 
p.  405. 
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W.  "Weber's  theory  assumes.  Those  experiments  might  possibly 
have  been  decisive  against  the  existence  of  such  an  action.  They 
were  not  so ;  but,  on  the  other  hand,  through  this  negative  result 
the  existence  of  the  action  in  question  remained  unproved.  Mr. 
Eowland  has  now  carried  out  a  series  of  direct  experiments,  in  the 
physical  laboratory  of  the  University  here,  wliich  give  positive  proof 
that  the  motion  of  electrified  ponderable  substances  is  also  electro- 
magnetically  operative,  I  here  remark  that  he  had  already  con- 
ceived and  fully  considered  the  plan  of  his  experiments  when  he 
came  to  Berlin,  without  any  previous  cooperation  on  my  part. 

The  moved  bearer  of  the  electricity  was  a  disk  of  ebonite  21*1 
centims.  in  diameter  and  |  centim.  thick.  It  could  revolve  with 
great  velocity  (up  to  Gl  times  in  a  second)  about  a  vertical  axis 
fixed  in  its  centre.  The  ebonite  disk  was  gilt  on  both  sides  ;  but 
the  gilding  was  insulated  from  the  axis.  Near  it,  above  and  below, 
were  placed  glass  disks  of  38"9  centims.  diameter,  pierced  through 
the  middle  to  admit  the  axis  of  the  ebonite  disk.  The  glass  disks 
were  likewise  gilt,  in  an  annular  band  of  24  centims.  external,  8*9 
internal  diameter  ;  the  gilt  side  was  mostly  turned  toward  the  ebo- 
nite disk.  The  gilt  surfaces  of  the  glass  disks  were,  as  a  rule,  con- 
nected to  earth  ;  while  the  ebonite  between  them,  through  a  point 
directed  toward  it  at  a  distance  of  5  millim.  from  its  margin,  was 
in  electrical  communication  with  the  coatings  of  a  large  insulated 
Leyden  battery  which  served  as  a  reservoir  for  the  electricity.  A 
commutator  of  a  peculiar  construction,  inserted  between  them,  per- 
mitted now  the  one,  now  the  other  coating  to  be  connected  either 
with  the  ebonite  disk  or  with  the  earth.  In  the  construction  of 
these  parts,  iron  was  avoided. 

Close  above  the  upper  glass  disk  an  exti*emely  sensitive  astatic 
needle  was  suspended  to  an  arm  fixed  in  the  wall,  and  completely 
enclosed  in  a  brass  case  connected  to  earth.  The  two  needles  \\ere 
1*5  centim.  long,  but  at  a  considerable  distance  (17'98  centims.) 
from  each  other.  Their  deflections  were  read  off  with  a  mirror  and 
a  telescope.  The  opening  in  front  of  the  mirror  was  protected  from 
external  electrical  influences  by  a  metallic  hollow  cone.  Indeed 
the  electrical  charge  of  the  battery  and  the  reversal  of  the  electrifi- 
cation of  the  ebonite  disk  gave  no  perceptible  trace  of  action  on  the 
needle  so  long  as  the  ebonite  was  stationary. 

On  the  other  hand,  on  swift  rotation,  even  without  electrifying, 
the  action  of  rotation-magnetism  was  shown,  mostly  arising  from 
the  brass  axis  of  the  rotating  disk,  and  cousiderably  diminished  by 
reducing  it  to  0*9  centim.  thickness.  The  action  of  the  electrifica- 
tion of  the  disk  could  be  separated  from  that  of  the  rotation-mag- 
netism by  letting-in  alternately  positive  and  negative  electricity 
(by  means  of  the  commutator  above-mentioned)  while  the  velocity 
of  the  rotation  was  maintained  unaltered.  The  displacement  of  the 
needle  from  the  position  of  equilibrium  amounted  to  from  5  to  7|, 
its  arc  of  oscillation  on  changing  the  electrification,  therefore,  to 
from  10  to  15  scale-divisions.  This  result  ensued  in  hundreds  of 
observations  (which  were  made  with  gradually  and  continually 
more  and  more  improved  apparatus  in  the  course  of  several  weeks), 
and  always  in  the  same  direction.     The  direction  of  the  deflection 
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of  the  needle,  the  length  of  which  was  normal  to  the  radius  of  the 
disk,  was  such  as  would  have  been  produced  by  a  positive  electric 
current  flowing  with  the  rotation  of  the  positively  charged  disk,  or 
against  the  rotation  of  the  disk  charged  negatively. 

There  was  no  alteration  in  the  action  when  the  gilding  of  the 
ebonite  plate  was  removed  in  a  series  of  radial  lines,  so  that  annu- 
lar electric  currents  could  no  longer  take  place.  A  thin  plate  of 
glass  was  also  inserted  instead  of  the  gilt  ebonite,  and,  like  the 
disk  of  a  Holtz  machine,  could  be  electrified  through  points  ;  while 
close  beneath  it  there  was  a  gilt  resting  plate  connected  to  earth, 
in  order  to  fix  as  much  electricity  as  possible.  The  direction  of  the 
deflections  was  the  same  as  in  the  pre^TOUs  experiments  ;  but  they 
were  smaller,  as  the  conditions  were  not  so  favourable  for  strong 
electrification. 

In  order  to  compare  the  electricity  carried  forward  by  convection 
with  that  which  passes  in  conductors,  experiments  were  instituted 
in  the  following  manner. 

The  ebonite  disk  was  gilded  afresh,  and  the  gold  coating  diWded, 
by  a  series  of  fine  circular  lines,  into  rings  insulated  from  one 
another.  The  innermost  ring  was  connected  with  the  axis  ;  the 
rest  could  not  at  any  rate  become  considerably  charged  without 
discharging  themselves  by  very  short  sparks  from  one  to  the  other. 
Two  electrified  plates,  each  having  the  form  of  a  sector  of  a 
circle,  but  which  did  not  reach  to  the  axis,  were  placed,  opposite  to 
one  another,  above  and  below  the  rotating  plate.  Under  these 
circumstances  the  electricity  of  the  gold  rings  must  have  been  ac- 
cumulated by  electrostatic  induction  in  the  sector  covered  by  the 
last-mentioned  plates,  and  carried  forward  convectively.  When 
this  electricity  was  positive,  it  became  free  at  the  fore  margin  of 
the  induced  sector  (iu  the  direction  of  the  rotation),  while  at  the 
hind  margin  of  the  same,  continually  new  positive  electricity  being 
attached,  relatively  negative  electricity  became  free. 

The  positive  electricity  must,  under  these  conditions,  have  over- 
flowed from  the  fore  to  the  hind  margin  of  the  sector,  for  which 
there  were  in  each  ring  two  paths  open,  between  which  it  must 
have  divided  itself  in  the  inverse  ratio  of  their  resistances.     If  the 

inducing  sector  comprises  -  of  the  circumference,  the  resistance 
n 

of  the  path  in  the  sector  is  to  that  of  the  path  outside  of  it  as 

l:n—l;  and  therefore—^  of  the   current  returns  through  the 

a  ° 

sector,  and  -  outside  of  it.     In  the  sector  a  quantity  corresponding 

to  the  sum  of  the  two  currents  is  carried  forward  against  the 
current  by  convection.  If,  then,  a  convective  motion  of  eletricity 
acts  like  a  conducted  motion,  the  total  motion  in   the  sector  is 

1  — =-.     But  if  the  action  of  convective  had  been  greater  or 

n        n  ° 

less  than  that  of  conducted  motion,  the  excess,  in  one  or  the  other 
direction,  must  have  been  shown  on  the  sector. 

The  experiments  showed  that,  when  the  sector  was  small  (g  of 
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the  circumference),  the  small  difference  between  the  convection  1 
and  the  conduction  |  in  general  could  not  (or  at  least  not  with 
certainty)  be  detected,  that  therefore,  with  approximate  equality 
of  convection  and  conduction,  the  electrodynamic  effect  of  the  one 
sensibly  neutralized  that  of  the  other. 

AVhen,  however,  the  sector  took  in  half  of  the  circumference,  the 
here  assumed  current  could  be  observed  even  in  the  free  portion 
of  the  disk,  though  the  amount  was  too  small  for  safe  measure- 
ment. 

The  observed  electrodvnamic  action  being  so  little  in  the  fore- 
going experiments,  in  which  the  disk  was  electrified  and  covered  in 
its  whole  extent  by  the  induced  plates,  theoretical  calculation  of 
the  amount  of  the  action  from  the  known  absolute  values  of  the 
electrodynamic  constants  promised  only  approximately  accordant 
values.     Nevertheless  it  was  carried  out  by  Mr.  Eowland. 

The  proportion  in  which  the  action  of  the  earth's  magnetism  upon 
the  pair  of  astatic  needles  was  diminished  was  ascertained  by  finding 
the  oscillation-period,  first  with  the  needles  equally  directed,  and 
then  arranged  astatically. 

The  value  of  the  function  of  the  electric  potential  in  the  Leydeu 
battery,  and  on  the  rotating  disk,  was  determined  according  to  the 
law  of  spark-length  given  by  Sir  William  Thomson,  which  in  this 
case  appeared  sufficiently  accurate.  Before  and  after  each  experi- 
ment, a  smaller  jar  was  charged  from  the  battery  of  nine  large 
ones  containing  the  store  of  electricity,  and  on  it  the  length  of  the 
spark  was  determined. 

The  velocity  of  the  rotation  was  regulated  by  the  position  of  the 
balls  of  a  centrifugal  governor,  which  was  applied  to  one  of  the  more 
slowly  rotating  axes.  The  calculation  fi'om  the  magnitude  of  the 
rollers  agreed  well  with  the  determination  by  the  tone  of  a  siren- 
disk,  which  was  for  some  time  attached  to  the  most  rapidly  re- 
volving axis. 

In  the  calculation  of  the  distribution  of  the  electricity  on  the 
disk,  and  its  electromagnetic  directing-force,  the  surplus  charge 
present  at  the  margin  of  the  disk  was  reckoned  according  to  the 
value  which  holds  for  infinitely  thin  disks,  and  considered  as  an 
infinitely  thin  thread  concentrated  at  the  margin — a  proceeding 
which  was  in  both  ways  only  approximately  correct,  but,  in  presence 
of  the  minuteness  of  this  portion,  was  sufficient. 

The  influence  exerted  upon  the  i;pper  needle  was  about  gL  of 
that  upon  the  lower.  The  horizontal  force  of  the  earth's  mag- 
netism was  put  equal  to  0-182  (using  the  centimetre,  gramme,  and 
second  as  units)  ;  the  electrodynamic  constant  was  put  by  Mr.  Row- 
land, after  Maxwell's  determinations,  equal  to  28,800  millions. 
W.  Weber's  value  would  be  31,074  millions.  I  give  below  under 
M.  the  results  calculated  with  the  former  value,  under  W.  those 
calculated  ^\^th  the  latter. 

The  following  is  the  result  of  the  calculation  of  only  three  seriea 
of  experiments  conducted  under  favourable  circumstances : — 
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(1)  Ten  Experiments  with  alternately  opposite  rotation.     In  each, 
three  readings,  of  which  the  middle  one  was  made  with  the 
electrification  of  the  disk  opposite  to  that  of  the  first  and 
third. 
Mean  difference  of  the  position  of   equilibrium,  in 

scale-divisions 6-735 

Spark-length    0-284o 

Electrodjnamic  force  acting  on  the   astatic  pair — 

observed 0-00000327 

calculated,  M.    0-00000337 
W.    0-00000311 

(2)  Four  experiments,  the  same. 

Difference  of  the  position 7-50 

Spark-length    0-2955 

Electrod}Tiamic  force — observed    0-00000317 

calculated,  M 0-00000349 

W 0-00000322 

(3)  Five  experiments,  the  same. 

Difference  of  the  position 7-60 

Spark-length    0-2926 

Electrodjnamic  force — observed     0-00000339 

calculated,  M 0-00000355 

W 0-00000328 

The  accordance  may  be  looked  upon  as  satisfactory  in  the 
measurement  of  a  force  which  amounts  to  only  -^^-^  of  the  force 
of  the  earth's  magnetism,  since  in  two  of  the  series  the  observed 
values  faU  between  those  corresponding  to  the  different  measured 
values  of  Weber's  constant. 

As  regards  the  signification  of  these  experiments  for  the  theory 
of  electrodynamics,  they  correspond  to  the  h>^otheses  of  the  theory 
of  W.  Weber  ;  but  they  oau  also  be  referred  to  Maxwell's  or  to  the 
potential-theory  which  takes  account  of  the  dielectric  polarization  of 
the  insulators.  The  volume-elements  of  the  stratum  of  air  situated 
between  the  resting  and  the  moved  plates  suffer  continual  dis- 
placements in  the  direction  of  a  rotation  round  radially  directed 
rotation-axes.  The  existing  dielectric  polarization  of  these  elements 
will  therefore  in  each  material  element  continually  change,  while 
retaining  in  space  the  same  direction  normal  to  the  surface  of  the 
electrified  disks.  The  arising  and  disappearing  components  of  this 
polarization  would  constitute  the  current  which  is  iudicated  by  the 
astatic  pair  of  needles. — Monatshericlit  der  kon.  jpreuss.  Akademie 
der  Wissenschaften  zu  Berlin,  1876,  pp.  211-216. 


NEW  FORM  OF  COMPENSATING  PENDULUM. 
BY  J.  LAWEENCE  SMITH,  LOUISVILLE,  KY. 
In  the  construction  of  this  new  form  of  compensating  pendulum, 
I  have  taken  advantage  of  the  very  great  expansibility  of  that  coiu- 
bmation  of  sulphur  and  caoutchouc  knovATi  as  vulcanite  or  ebonite. 
Its  coefficient  of  expansion  is  knowni  to  approach  that  of  mercury 
in  the  ranges  of  temperature  from  0°  to  70°  C. 
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The  mechauical  arrangement  adopted  is  a  very  simple  one.  The 
rod  of  the  ptMidulum  is  of  round  steel,  with  an  adjusting  screw  at 
the  lower  end :  a  round  rod  of  vulcanite  with  a  hole  in  the  centre 
is  passed  on  to  the  steel  rod,  fitting  it  loosely,  and  being  held  in 
place  by  the  adjusting  screV,  The  bob  of  the  pendulum  consists 
of  a  heavy  mass  of  brass  with  a  hole  through  the  centre  large  enough 
to  admit  the  vulcanite,  over  which  it  passes,  and,  by  a  properly 
arranged  stop,  rests  on  the  cud  of  the  vulcanite  furthest  from  the 
lower  end  of  the  pendulum  ;  so  that  any  expansion  of  the  vulcanite 
elevates  the  brass  bob,  thus  compensating  for  the  downward  ex- 
pansion of  the  steel  rod  and  brass  bob. 

There  is  a  simple  mechanical  arrangement  for  adjusting  the 
proper  difference  between  the  length  of  the  vulcanite  and  the  other 
parts  of  the  pendulum. 

For  a  second  pendulum  to  an  astronomical  clock  I  have  used 
the  following  dimensions — diameter  of  the  steel  rod  6  millims., 
diameter  of  vulcanite  2.5  millims.,  length  of  same  16.5  millims., 
diameter  of  brass  bob  03  millims.,  length  of  the  same  156  millims. 
These  dimensions  are  in  no  way  insisted  on  as  being  the  best.  For 
a  half-second  pendulum  I  have  used  a  steel  rod  3  millims.  in  dia- 
meter, vulcanite  11  millims.  in  diameter  and  03  millims.  long,  brass 
bob  38  millims.  in  diameter  and  57  millims.  long. 

I  have  had  one  of  these  pendulums  attached  to  an  astronomical 
clock  ;  and,  after  adjustment,  it  has  been  running  four  months  with 
very  satisfactory  results.  Should  this  form  of  pendulum  prove 
itself  constant  and  correct,  it  would  certainly  be  a  convenient  one 
for  transportation,  and  very  much  less  costly  than  the  ordinary 
form.  And  as  for  the  half-second  pendulum,  in  such  constant  use 
in  mantle-clocks,  it  will  be  of  the  greatest  service  and  not  add  more 
than  twenty  cents  cost  to  the  commonest  form  of  pendulum  that 
can  be  used. 

As  regards  the  uniformity  of  the  coefficient  of  expansion  of  all 
vulcanites,  of  course  it  is  not  to  be  supposed  that  it  can  be  relied 
upon ;  but  a  very  simple  method  is  used  to  ascertain  it  for  any 
single  specimen,  or  for  a  number  made  of  the  same  lot  of  material. 

I  have  made  experiments  on  several  different  specimens  ;  and  the 
results  vary  little  from  each  other.  The  range  of  temperature  with 
which  the  experiments  were  made  was  from  zero  to  43°  C,  on  a  bar 
25  millims.  in  diameter  and  304  millims.  long,  this  expanding  in 
length  9-10  millims.,  making  the  entire  expansion  equal  to  j\-^  of 
the  entire  length  of  the  rod  for  a  temperature  ranging  from  freezing- 
to  boiling-point,  giving  as  coefficient  for  linear  expansion  for  one 
degree  Centigrade  0-000070365.  This  coefficient  is  seen  to  be 
lower  than  that  of  mercury ;  but  from  the  fact  that  mercury  cor- 
rects the  pendulum  by  only  one  half  its  expansion,  and  the  a"u1- 
canite  is  made  to  correct  it  by  its  entire  expansion,  the  length  of 
vulcanite  required  is  even  h^ss  than  the  column  of  raercnry  used  in 
the  mercurial  pendulum.  This  instrument  is  one  whose  use  depends 
on  its  accuracy  of  operation  after  careful  trial  for  some  time. — 
Sillimau's  American  Journal,  August  1876. 
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ON  THE  UNIFORM  MOTION  OF  WATER,  BOTH  IN  SMALL  CANALS 
AND  TRENCHES  AND  IN  STREAMS  AND  RIVERS.  BY  M.  HAGEN. 
For  the  former  the  observations  of  Darcy  and  Bazin  on  the  inlets 
and  outlets  of  the  Bourgogne  canal,  and  for  the  latter  those  of 
Humphreys  and  Abbott  on  some  of  the  great  rivers  of  America 
■were  taken  as  a  basis.     Introducing  the  simple  law 

where  c  signifies  the  mean  velocity,  a.  the  relative  fall,  and  r  the 
mean  radius  (that  is,  the  quotient  obtained  by  dividing  the  area  of 
the  cross  section  by  the  liquid  p^'iphery ),  and  employing  the  method 
of  least  squares,  gave,  after  comparison  with  various  other  measure- 
ments : — 

For  trenches,  c  =  4-9  .t  a.^  ; 

For  rivers,      c=6  .  A  ai. 

The  numerical  coefficient  holds  in  the  first  case  for  any  measure 
whatever ;  but  in  the  second  it  holds  for  English  and  Ehenish 
measurement  in  feet,  while  for  metres  it  changes  into  3*34. 

As  soon  as  r  =  1-5  foot  or  =:0-47  metre,  both  expressions  give 
the  same  result ;  at  this  point,  therefore,  there  is  a  transition  from 
the  one  law  to  the  other. — Momitsherkht  der  Tc.  j^reussischen  yifcaclemie 
der  Wissenscliaften  zu  Berlin,  1876,  p.  243. 


A  GLASS  CIRCLE  FOR  THE  MEASUREMENT  OF  ANGLES. 
BY  LE\YIS  M.  RUTHERFURD. 

At  the  summer  meeting  of  the  Xational  Academy  of  Sciences 
in  the  year  1866,  I  described  the  micrometer  which  I  had  con- 
structed for  the  measurement  of  astronomical  photogi'aphs.  It 
was  capable  of  measuring  angles  of  position,  and  also  distances  in 
directions  at  right  angles  to  each  other.  These  last  measurements 
were  made  by  aid  of  screws  arranged  after  the  manner  of  those  of 
an  ordinary  slide  rest :  these  screws  were  constructed  with  great 
care  ;  and  I  had  good  reason  to  be  satisfied  with  the  smallness  of 
their  errors. 

At  the  spring  meeting  of  the  Academy  for  the  year  1870,  I  ex- 
plained that  I  had  been  obliged  to  give  up  the  idea  of  using  screws 
on  account  of  the  rapid  changes  in  their  errors  caused  by  friction 
and  consequent  wear ;  and  I  then  stated  that  I  intended  to  discard 
the  screw  and  the  compressed  sUde,  and  substitute  for  them  a 
divided  glass  scale,  to  be  read  by  a  micrometer-microscope,  and  a 
gravity-sHde  with  one  T  and  one  flat  slide.  This  intention  I  car- 
ried out  during  the  year,  the  new  form  being  first  used  about  the 
month  of  March  1871.  It  has  been  constantly  used  since  that 
time,  and  continues  to  give  great  satisfaction.  The  success  of  this 
divided  glass  scale  confirmed  me  in  a  determination  of  long  stand- 
ing, to  try  the  experiment  of  substituting  a  glass  circle  for  one  of 
metal  iii  some  instrument  for  the  measure  of  angles  of  precision. 

Two  years'  absence  in  Europe  and  other  occupations  conspired  to 
postpone  the  execution  of  this  plan  until  the  past  winter,  during 
which  it  has  been  realized  with  what  seems  to  me  the  most  pro- 
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mising  success.  I  had  in  my  possession  a  spectrometer  by  Bruner 
of  Paris — his  small  model,  siuiilar  to  the  one  used  by  Mascart,  and 
figured  in  his  paper  on  the  measures  of  wave-lengths.  This  in- 
strument has  a  good  steel  centre,  and  was  furnished  with  a  circle 
divided  on  silver,  reading  by  means  of  the  verniers  to  10".  The 
diameter  of  the  circle  is  small,  not  quite  7  inches  ;  and  the  inability 
to  read  smaller  angles  has  always  been  its  weak  point.  I  have 
substituted  for  this  metallic  circle  one  of  glass  about  10  inches  in 
diameter,  divided  by  Mr.  Stackpole  to  ten  minutes  of  arc,  and  read 
by  two  micrometer-microscopes  magnifying  seventy-five  times  ;  each 
revolution  of  the  screws  being  equivalent  to  one  minute,  the  drums, 
being  divided  into  sixty  parts,  read  to  seconds  with  easy  estimate 
of  fractions  ;  each  degree-line  is  numbered  so  as  to  be  visible  in  the 
field  of  the  microscope.  I  was  able  to  furnish  to  Mr.  Stackpole  a 
well-tried  diamond  which  has  made  lines  of  the  greatest  delicacy, 
being  much  finer,  as  seen  in  the  microscopes,  than  the  spider-lines, 
by  means  of  which  the  bisections  are  made.  The  advantages  of  this 
system  are  obvious,  \\z. : — perfection  of  surface,  permitting  a  line  of 
any  desired  fineness  ;  facility  of  illumination,  permitting  the  exten- 
sion of  the  power  of  the  reading-microscopes  to  several  hundred 
times  ;  smallness  of  dimensions,  and  consequent  cheapness  and 
avoidance  of  almost  all  the  questions  of  fiexure  and  local  effects 
of  temperature. 

I  am  convinced  from  the  ease  with  \\  hich  one  second  is  read  on 
my  instrument,  with  microscopes  only  4|  inches  long,  including 
objectives  and  eyepieces,  that,  upon  a  circle  of  15  inches  pro^nded 
with  powerful  microscopes,  greater  precision  could  be  attained  in 
the  reading  of  angles  than  with  the  largest  metallic  circles  now 
in  use. 

For  the  purpose  of  showing  the  degree  of  precision  attainable.  I 
add  two  series  of  bisections  of  lines  on  the  circle  made  by  myself, 
and  t«o  made  by  a  lady,  marked  respectively  B-.  and  M. : — 

B.  E.  M.  M. 

fo  1-8  23-6  I'i 


7-4 

1-3 

23-6 

11-2 

7-7 

1'9 

23-3 

11-8 

7-4 

1-8 

23-8 

11 

7-3 

1-8 

24-5 

10-9 

7-6 

1-8 

23-9 

11-5 

7-7 

1-9 

23-7 

11-5 

7-4 

2 

24 

11-5 

7-6 

2-3 

23-9 

11 

7-8 

2-3 

24-3 

11-4 

Mean..    7-54  1-89  23-86  11-28 

It  will  be  readily  seen  that  the  probable  error  of  any  single 
reading  in  any  one  of  these  series  is  considerably  less  than  half  a 
second,  while  the  probable  error  of  the  mean  of  any  series  is  a 
much  smaller  fraction. — Silliman's  American  Journal,  August  1876. 
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XXXII.    On  the  Transformation  of  Gravltij. 
By  James  Ceoll,"  LL.D.,  F.'R.S* 


G' 


JRA  VITY  in  relation  to  Correlation. — Is  gravity  convert- 
ible into  other  forms  of  energy  ?  Can  gravity  be  con- 
verted into  heat,  electricity,  magnetism,  &c.  ?  or  can  those 
forms  of  energy  be  converted  into  gravity  ?  One,  I  presume, 
may  read  all  that  has  been  written  on  correlation  and  conser- 
vation of  energy  without  finding  a  clear,  distinct,  and  satis- 
factory answer  to  the  question.  Few  will  admit  that  gravity 
forms  an  exception  to  the  great  principle  of  correlation,  stand- 
ing isolated  from  all  other  forms  of  energy.  It  may  be  true 
that  gravity  cannot  be  directly  transformed  into  heat,  elec- 
tricity, magnetism,  chemical  aflfinity,  &c.,  nor  those  forms 
directly  transformed  into  gravity ;  but  nevertheless  the  thing 
may  be  done  indirectly.  It  is  well  known  that  if  energy  (no 
matter  under  what  form)  can  be  converted  into  motion  or 
mechanical  work,  it  can  then  be  transformed  into  other  forms 
of  energy.  For  example,  if  heat  is  made  to  f)erform  mechani- 
cal work,  say  to  drive  a  machine,  then  that  machine  may  be  made 
to  generate  electricity,  and  the  electricity  may  in  turn  be  con- 
verted into  other  forms  of  energy.  Or  electricity  may  drive 
the  machine,  then  the  machine  may  generate  heat.  The  heat 
is  here  not  directly  converted  into  electricity,  nor  the  elec- 
tricity directly  into  heat ;  but  it  is  done  indirectly.  The  heat  is 
first  converted  into  mechanical  energy  and  then  into  elec- 
tricity. The  electricity  is  first  converted  into  mechanical 
energy,  then  into  heat.    Now  graAdtation  will  drive  a  machine 

*  Communicated  by  tlie  Author,  having  been  read  before  the  British 
Association,  September  1876. 
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as  effectually  as  either  heat  or  electricity  ;  and  the  energy 
thus  employed  is  as  really  and  truly  converted  into  niecluinieal 
ener^^ry  as  was  the  heat  or  the  eleetrioity  in  i\\v.  cases  to  which 
we  have  referred.  An  electrical  machine  driven  hy  water- 
power  will  as  effectually  produce  electricity  as  though  it  were 
t!  riven  by  steam-power  or  by  horse-power  ;  and  the  electricity 
produced  will  as  truly  be  derived  from  gravity  in  the  one 
case  as  it  would  bo  from  heat  or  from  animal  power  in  the 
other  cases. 

If  then  it  be  admitted,  as  it  must  be,  that  in  the  case  of  the 
electricity  producinl  by  the  machine  driven  by  steam-power 
the  electricity  previously  existed  under  the  form  of  heat, 
for  the  same  reason  it  ought  to  be  admitted  that  the  elec- 
tricity produced  by  the  machine  when  driven  by  water-power 
previously  existed  under  the  form  of  gravity. 

We  may  now  suppose  the  process  reversed  and  electricity 
to  be  the  motive  power.  Conceive  a  machine  of  some  kind 
or  other  driven  by  electricity,  and  this  machine  to  be  employed 
in  the  production  of  heat,  say  l)y  friction,  and  to  be  employed 
also  in  raising  water.  It  will  be  universally  admitted  that  we 
have  in  the  one  case  electricity  converted  into  heat ;  but  it  is 
equally  evident  that  we  have  in  the  other  case  electricity 
converted  into  gravity.  If  the  electricity  produced  by  the 
descent  of  the  water  be  gravity  transformed  into  electricity, 
then  the  ascent  of  the  water  produced  by  electricity  nmst  be 
electricity  transformed  into  gravity ;  for  it  is  the  same  process 
merely  reversed. 

Gravity  in  relation  to  Conservation. — If  gravity  be  corre- 
lated to  other  forms  of  energ;^-,  it  must,  like  them,  come  under 
the  great  principle  of  conservation.  But  here  we  enter 
upon  del)atable  ground.  It  is  admitted  that  gravity  can 
perform  mechanical  work,  and  the  mechanical  work  can  be 
converted  into  other  forms  of  energy.  Here  we  have  correla- 
tions; but  it  is  generally  denied  that  there  is  a  decrease  or  loss  of 
gravity  resulting  from  such  transformations.  But  this  appears 
to  me  to  be  a  virtual  denial  of  the  principle  of  conservation. 
To  suppose  a  steam-engine  to  perform  the  work  of  raising  the 
loaded  piston,  without  the  steam  sustaining  any  loss  of  lieat, 
would  be  universally  admitted  to  be  a  violation  of  the  prin- 
ciple of  conservation.  Every  one  would  maintain  such  a 
thing  to  be  impossible,  and  that  the  steam  must  not  simply 
lose  heat  but  lose  an  amount  equivalent  to  the  work  performed. 
Apply  the  same  mode  of  reasoning  to  gravity.  If  gravity 
])erform  mechanical  work  in  pulling  down  the  jnston,  then 
there  must  be  a  loss  of  that  form  of  energy  equivalent  to 
the  work  performed.     But  it  is  not  admitted  that  gravity  is 
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diminislied  or  is  weakened  by  the  work  which  it  performs. 
If  a  stone  one  pound  in  weight  fall  from  an  elevation  of 
1000  feet,  one  thousand  foot-pounds  of  work  will  have  been 
performed  by  gravity  on  the  stone.  The  stone  on  reaching 
the  ground  is  possessed  of  that  amount  of  energy  in  the  form 
of  motion,  all  of  which  has  Ijeen  derived  from  gravity.  But 
gravity,  it  is  nevertheless  maintained,  has  sustained  no  loss  in 
communicating  this  amount  of  energy  to  the  stone. 

The  reasons  which  appear  to  have  led  to  this  opinion  are,  I 
think,  mainly  the  two  following : — 1.  It  has  been  assumed 
that  the  weight  of  a  body  is  not  affected  by  the  work  which 
it  performs.  2,  The  force  by  which  bodies  are  dra^Aii  towards 
each  other  does  not  diminish  as  they  approach,  but  on  the 
contrary  increases.  The  mutual  attraction  of  the  stone  and 
the  earth  (gravity)  does  not  diminish  as  the  stone  descends, 
but  the  reverse  ;  for  the  stone  on  reaching  the  earth's  surface 
is  attracted  with  greater  force  than  it  was  before  it  began  to 
descend.  From  this  it  is  naturally  inferred  that,  whatever 
may  have  been  lost  in  the  imparting  of  motion  to  the  stone,  it 
cannot  have  been  gravity. 

In  reference  to  the  first  of  these  reasons,  it  may  be  remarked 
that  although  what  we  call  the  permanent  weight  of  a  body  is 
not  affected  by  the  work  performed,  still  it  does  not  follow  that 
the  weight  may  not  be  atfected  at  the  time  the  work  is  being 
performed,  and  still  less  that  there  may  not  be  a  loss  of  gra-s  ity 
resulting  from  the  performance  of  the  work.  And  in  regard 
to  the  second  reason,  it  does  not  necessarily  follow  that,  be- 
cause the  force  of  gravity  acting  on  bodies  increases  as  they 
approach,  there  is  not  a  loss  of  force  resulting  from  their 
approach.  A  person,  for  example,  may  be  growing  richer 
every  day,  and  yet  at  the  same  time  his  daily  expenditure  may 
be  on  the  increase.  Two  electric  currents  parallel  and  flow- 
ing in  the  same  direction  mutually  attract  each  other ;  and 
this  attractive  force  increases  as  they  are  dravrn  together  ; 
but  Ave  know  that  there  is  at  the  same  tmie  a  loss  of  attrac- 
tive force  resulting  from  their  approach.  When  the  two 
currents  are  in  the  act  of  approaching  towards  each  other,  an 
induced  current  takes  place  in  each  wire  in  the  opposite  di- 
rection to  the  primaiy  current,  the  effect  of  which  is  to 
weaken  the  primary  currents,  and  consequently  to  diminish 
the  force  of  their  attraction  ;  so  that  when  the  ciuTents  are 
approaching  each  other  the  force  of  their  attraction  at  anj- 
given  moment  is  somewhat  less  than  it  would  other^'ise  be 
were  the  currents  stationary.  The  same  is  true  of  magnets. 
When  an  electromaonet  is  drawing  towards  it  a  bar  of  soft 
iron  the  attractive  force  of  the  magnet  for  the  iron  increases 
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as  tho  bar  approaclies  ;  but  there  is,  notwithstiintliiig,  a  slight 
loss  of  attractive  force  resulting  from  the  aj)})roach  of  the  bar. 
The  attractive  force  of  the  magnet  for  the  bar  when  it  is  in 
the  act  of  a})proaching  is  less  at  any  given  distance  than  it 
■would  otherwise  he  were  the  bars  stationary  at  that  distance  ; 
for  the  approach  of  the  magnetized  iron  -weakens  the  magnet 
by  weakening  the  current  surrounding  it.  It  is  also  probably 
true,  though  it  cannot  be  so  easily  ])roved,  that  a  permanent 
magnet  is  weakened  by  tho  ap))roach  of  the  magnetized  iron. 
May  not  the  same  be  true  of  bodies  approaching  each  other 
under  the  nuitual  influence  of  the  attractive  force  of  gravity? 
May  not  a  stone  when  in  the  act  of  falling  be  acted  upon  by 
gravity  with  less  force  at  any  given  moment  than  it  would  be 
were  the  stone  at  rest  at  that  instant  ?  The  point  has  never 
yet  been  determined  cither  by  experiment  or  by  observation. 

The  fact  that  the  attractive  force  of  bodies  increases  as  they 
approach  towards  each  other  cannot,  therefore,  be  regarded  as 
evidence  that  no  loss  of  force  results  from  their  a})proach.  It 
may  be  here  r.lso  remarked  that  neither  can  the  tact  of  this 
increase  of  attractive  force  as  bodies  approach  be  regarded  as 
in  any  way  opposed  to  the  law  of  conservation ;  for,  as  was 
pointed  out  by  Professor  Kankine  in  his  reply  to  Faraday's 
objection  *,  no  law  of  conservation  is  ap})licable  to  the  simple 
force  or  tendency  of  two  bodies  to  approach  each  other, — 
the  physical  reason  being  that  the  things  conserved  cainiot 
be  two  forces ;  for  the  one  is  never  directly  convertible 
into  the  other.  "What  must  be  conserved  is  the  force,  and 
the  work  which  it  performs.  But  if  the  force  of  gravity 
does  not  sustain  any  loss  as  work  is  performed  by  it,  M'hat, 
then,  is  it  that  is  supposed  to  sustain  the  loss  ?  ^ome  form 
of  energy  must  diminish  as  work  is  performed  ;  and  if  it  bo 
not  gravity,  it  must  be  something  else. 

The  generally  received  explanation  is  this  :  when  a  body  is 
projected  upwards,  the  potential  form  of  energy  into  which 
the  upward  motion  of  the  body  is  transformed  does  not  con- 
sist in  the  simple  force  of  gravity  or  tendency  of  the  body  to 
descend,  but  consists  in  this  force  or  tendency  multiplied  by 
the  distance  through  which  it  is  capable  of  descending.  If  a 
.stone  one  pound  in  weight  is  at  an  elevation  of  100  feet,  then 
one  pound  multiplietl  by  100  feet  gives  100  foot-pounds  of 
potential  energy  possessed  by  the  stone  at  that  elevation  ; 
and  this  is  usually  termed  the  enenfi/  of  position.  Again, 
when  the  bod}^  has  descended  to  within,  say,  20  feet  of  the 
ground,  it  possesses  only  20  foot-pounds  of  potential  energy 
in  virtue  of  position  ;  for  one  pound  multiplied  by  20  feet 
*  riiil.  Mag.  [IV.]  vol.  xvii.  p.  250  (18o9). 
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gives  20  foot-pounds  ;  and  when  the  ground  is  reached  the 
potential  euero-y  is  gone  ;  for  althoucrh  the  force  of  gravity  is 
not  diminished,  vet  the  potential  energy  is  consumed,  there 
being  now  no  space  through  which  the  force  can  act.  Kinetic 
energy  thus  generated  being  measured  by  the  mass  of  the 
stone  multiplied  bv  the  half-square  of  its  velocity,  the  sum  of 
the  potential  and  the  kinetic  energies  must  therefore  always 
remain  constant.  When  the  stone  reaches  the  ground  it  is  in 
possession  of  the  100  foot-pounds  of  energy  in  the  form  of 
motion.  When  it  was  halfway  down  it  possessed  50  foot- 
pounds ill  the  kinetic  form  of  motion,  and  another  50  foot- 
pounds in  the  potential  form ;  for,  having  another  50  feet  to 
fall,  its  potential  energy  was  1  x  50  =  50  foot-pounds. 

This  mode  of  viewing  the  matter,  it  is  perfectly  true,  com- 
pletely meets  the  mathematical  and  mechanical  conditions  of 
the  problem  ;  but  for  this  very  reason  it  seem-;  to  me  to  hide 
somewhat  the  real  physical  nature  of  the  process. 

On  a  former  occasion  *  I  briefly  endeavoured  to  show  that 
the  fundamental  objection  to  this  mode  of  explanation  is  that 
it  makes  sjxtce  a  form  of  energy,  whereas,  when  we  analyze 
the  process  properly,  we  find  that  time  and  space  can,  in  the 
very  nature  of  things,  be  nothing  more  than  conditions. 
The  object  of  the  present  paper  is  to  discuss  more  fully  this 
objection. 

2'ime  and  space  are  but  conditions  in  the  process  of  trans- 
formation.— Space  and  time  are  conditions,  but  conditions 
absolutely  necessaiy,  to  the  transformation  of  potential  energy 
into  kinetic  and  of  kinetic  energy  into  potential ;  but  they 
themselves  cannot  be  forms  of  energy.  But  if  it  be  true  that 
the  mere  force  of  gravity  or  tendency  of  the  stone  to  fall  to 
the  ground  is  not  the  potential  energy,  but  that  this  potential 
energy  is  the  force  x  the  space  through  which  it  can  act, 
then  space  must  become  a  form  of  potential  energy.  This  is 
evident  ;  for  the  potential  energ}'  in  this  case  consists  of  two 
factors,  one  of  Avhich  is  the  sjyace  through  which  the  force 
acts.  It  thus  becomes  just  as  much  a  form  of  energy  as  the 
other  factor,  viz.  the  force. 

The  reason  why  this  mode  of  explanation  fulfils  the  mathe- 
matical conditions  of  conservation  is  obvious.  Space,  like 
time,  being  a  condition  absolutely  essential  to  the  transforma- 
tion of  potential  energy  into  kinetic,  it  follows  that,  no  matter 
how  much  potential  energy^  may  be  in  the  raised  stone,  no 
transformation  can  possibly  take  place  if  the  space  condition 
is  not  supplied,  and  the  amount  of  transformation  will  just  be  in 
proportion  to  the  space  supplied.  The  stone  maybe  raised  to 
'  Phil.  .Ma>r.  December  18C7. 
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nny  litMglit ;  but  if  it  can  only  dcscond  through  one  foot  and  no 
more,  one  foot-pound  of  the  potential  enerjtry  stored  up  in  the 
form  of  gravity  can  be  transformed  into  the  kinetic  form  ;  but 
if  two  feet,  three  feet,  ten  feet,  fifty  feet,  and  so  on  1)e  supplied, 
two  foot-pounds,  three  foot-pounds,  ten  foot-pounds,  and  so  on 
of  potential  energy  will  be  converted  into  kinetic.  The  amount 
of  transformation  will  be  in  proportion  to  the  amount  of  the 
space  condition  sup])lied.  When  tlie  stone  reaches  the  ground 
no  further  transformation  can  take  place,  not  because  the 
l)otential  energy  is  exhausted,  but  because  no  further  space 
condition  is  available.  But  Avere  a  hole  dug  through  the 
earth  the  stone  would  continue  its  descent,  and  transformation 
would  go  on  till  the  earth's  centre  was  reached,  when  the 
entire  amount  of  potential  energy  of  gravity  acting  on  the 
stone  would  have  disappeared  and  no  further  transformation 
of  potential  energy  into  kinetic  would  be  possible — not,  how- 
ever, as  before,  because  there  was  no  more  space  condition, 
but  because  there  would  be  no  more  gravitating  force  acting 
on  the  stone. 

It  is  gravity,  and  gravity  alone,  which  imparts  motion  to 
the  stone.  No  work  is  performed  on  the  stone  by  space  ; 
space  and  time  merely  supply  the  conditions  for  the  work 
being  done.  That  which,  in  the  potential  state,  becomes  trans- 
formed into  kinetic  energy  must  be  gravity,  not  space.  The 
kinetic  energy  which  appears  as  the  stone  descends  must  have 
previously  existed  in  the  form  of  gravity,  not  as  space.  This 
truth  is  so  self-evident  that  it  can  hardly  be  denied  by  any 
one  who  will  reflect  on  the  subject.  But  if  the  kinetic  energy 
be  derived  from  gravity,  then  there  must  be  a  decrease  of 
gravity  proportionate  to  the  increase  of  kinetic  energy,  or 
else  the  principle  of  conservation  is  violated.  If  a  force  be 
transformed  into  something  else,  say  into  kinetic  energy,  then 
it  cannot  be  Avhat  it  was  before  transformation,  but  must  be 
what  it  is  transformed  into,  viz.  kinetic  energy*. 

*  ^Ir.  Lewes,  in  Lis  '  Problems  of  Life  aud  Mind  '  (vol.  ii.  p.  353),  laj'S 
it  down  as  a  fundamental  principle  that  force  is  invariant  and  cannot  be 
expended  or  even  transformed.  Every  unit  of  force,  according:  to  him, 
remains  unalterably  the  same  in  amount.  His  views  seem  to  be  : — that 
when  the  forces  balance  one  another  there  is  rest,  static  equilibrium ; 
but  when  there  is  au  excess  of  pressiu-e  iu  one  direction,  motion  or  vis 
i-irn  results ;  but  the  forces  themselves  are  invariant,  and  never  increase 
or  diminish.  This  is  just  the  fundamental  en-or  which  I  have  been 
combating:.  Force,  I  consider,  is  energy  in  the  potential  form ;  motion  is 
energy  in  the  kinetic  form.  Neither  the  one  nor  tlie  other  remains  con- 
stant, but  both  are  in  a  state  of  change.  That  which  remains  constant 
is  the  sum  total  of  both.  And  as  the  one  is  convertible  into  the  other,  it 
necessarily  follows  that  the  one  must  decrease  as  the  other  increases,  and 
vice  versa. 
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But  it  is  not  in  reference  to  graAdty  alone  that  this  space 
condition  is  essential  to  the  transformation  of  potential  into 
kinetic  energy.  It  is,  as  we  shall  shortly  see,  a  condition  abso- 
Intely  necessary  to  the  transformation  of  energy  nnder  every 
possible  form.  In  the  unbending  of  a  spring  the  amount  of 
work  which  can  be  performed  is  proportionate  to  the  pressure 
of  the  spring  multiplied  by  the  space  through  which  the  pres- 
sm'e  can  act.  The  potential  element,  which  in  this  case  de- 
creases as  work  is  performed,  is  the  tension  or  elastic  force  of 
the  spring.  Space  is  necessary  simply  to  allow  this  tension 
to  expend  itself  in  work.  It  is  this  tension,  not  space,  Avhich 
reappears  as  Avork  or  kinetic  energy.  Take  also  the  case  of 
the  steam-engine.  The  amount  of  work  which  can  be  per- 
formed is  proportionate  to  the  pressure  of  the  steam  in  the 
piston  multiplied  by  the  space  through  which  the  piston  can 
act.  When  the  piston  reaches  the  end  of  the  cylinder,  no 
more  work  or  transformation  of  potential  energy  into  kinetic 
is  possible,  not  because  there  is  no  more  pressure  or  potential 
energy  to  be  transformed,  but  because  there  is  no  more  space 
to  allow  of  transformation.  But  in  order  to  secure  an  inex- 
haustible supply  of  the  space  condition  the  ingenious  device 
of  "  reversing  the  stroke  "  has  been  adopted — that  is,  of  trans- 
ferring the  pressure  to  the  opposite  side  of  the  piston  when  it 
reaches  the  end  of  the  cylinder.  By  this  device  as  much 
space  becomes  available  as  would  be  were  the  cylinder  made 
a  thousand  miles  in  length.  In  tsict  the  space  condition  be- 
comes thus  illimitable.  But,  be  it  observed,  although  the  work 
performed  is  proportionate  to  the  pressure  of  the  steam  mul- 
tiplied by  the  space  through  which  the  pressure  acts,  still  it 
is  the  pressure,  and  the  pressure  alone,  which  performs  the 
work.  True  the  pressure  in  the  cylinder  may  be  kej)t  con- 
stant ;  but  this  can  only  be  done  by  admitting  more  steam 
from  the  boiler.  The  energy  which  performs  the  work,  or,  in 
other  words,  which  becomes  transformed  into  work,  is  alto- 
gether derived  from  the  boiler;  the  reversal  of  the  stroke 
simply  supplies  the  space  condition  for  transformation.  The 
energy  which  disappears  as  work  is  performed  is  heat,  not 
space.  The  work  performed  represents  so  much  heat  lost. 
The  work  is  the  equivalent  of  the  lost  heat,  not  of  the  space 
passed  over.  Whatever  we  have  gained  in  work  we  have  lost 
in  heat. 

Every  physicist  will  readily  admit  this  conclusion  in  re- 
ference to  an  engine  propelled  by  heat,  because  to  suppose 
that  that  could  perform  mechanical  work  without  sustaining 
loss  would  in  fact  be  a  violation  of  the  principle  of  conserva- 
tion.    But  gravitation  turns  our  water-wheels  and  grinds  our 
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corn,  performing  mechanical  work  as  truly  as  it  is  done  by  heat ; 
and  all  this  is  supposed  to  take  place  Avithout  gravitation  sus- 
taining any  loss.  The  only  thing  supposed  to  be  lost  is  j)osi- 
tion  or  space  to  pass  over.  Gravity  is  the  real  agent  that 
performs  the  work  ;  and  yet  it  is  sui)])Osed  to  sustain  no  loss 
thereby.  Heat  in  the  steam-engine  is  the  agent  that  ])erforms 
the  work ;  but  it  would  be  considered  absurd  to  say  that  no 
heat  was  lost,  and  that  what  was  lost  was  simply  space  in  the 
cylinder,  along  Avhich  the  piston  could  move.  The  absurdity 
seems,  however,  to  be  quite  as  great  in  the  one  case  as  in 
the  other  ;  and  it  appears  as  much  a  violation  of  the  })rinciple 
of  conservation  to  suppose  that  gravitation  could  perform  work 
without  loss  as  that  heat  could  do  so.  That  form  of  energy 
called  heat  is  weakened  by  the  act  of  raising  the  loaded  piston 
against  gravity.  May  not  that  form  of  energy  called  gravity 
be  also  xceakened  by  the  act  of  pulling  the  piston  down  ? 

It  is  true  thai  the  pressure  of  the  steam  has  a  dynamical 
origin,  and  that  in  the  performance  of  work  there  is  a  loss  of 
pressure  resulting  from  a  loss  of  molecular  motion.  May  not 
the  same  be  equally  true  of  gravity?  In  fact,  if  gravity  has 
a  dynamical  origin,  it  must  hold  equally  true  of  gravity  and  of 
heat.  If  the  force  of  gravity,  for  example,  results  (as  it,  how- 
ever, probably  does  not)  from  the  impact  of  ultramundane 
corpuscles,  as  advanced  by  M.  Le  Sage,  then  there  must  be  a 
loss  of  force  resulting  from  a  loss  of  corpusculiu-  motion  when 
work  is  performed,  as  truly  as  in  the  case  of  the  steam-engine  ; 
in  fact  the  two  cases  are  exactly  parallel. 

That  space  is  not  a  form  of  energy  but  simply  a  condition, 
becomes  further  evident  from  the  nature  of  kinetic  energy  in 
the  form  of  motion.  The  kinetic  energy  of  a  moving  body  is 
equal  to  its  mass  multiplied  by  the  half-square  of  its  velocity. 
Now  it  must  be  observed  that  the  energy  possessed  by  the 
body  depends  upon  its  velocity,  and  is  entirely  independent 
of  the  amount  of  space  passed  over.  A  body  moving  with  a 
certain  velocity  possesses  the  same  amount  of  energy  what- 
ever may  be  the  sjjace  passed  over.  A  one-pound  weight 
moving  at  the  rate  of  lOOO  feet  per  second  possesses  15,625 
foot-pounds  of  energy,  whether  it  moves  over  one  thousandth 
of  a  hairbreadth  or  over  one  thousand  miles.  It  would  not  pos- 
sess any  more  energy  Avithout  a  change  of  velocity  though  it 
were  to  continue  its  course  onward  in  space  through  all 
eternity.  The  energy  possessed  is  the  same  whether  the 
space  passed  over  be  infinitely  great  or  infinitely  small, 
which  would  not  be  the  case  if  space  were  itself  a  form  of 
energy. 

In  order  to  perceive  more  clearly  the  true  relationship  of 
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time  and  space  to  the  transformatiou  of  energy,  it  Avill  be 
necessary  to  treat  tlie  subject  in  a  more  general  and  abstract 
form,  so  as  to  subject  the  process  to  a  closer  analysis. 

Time  and  Space  in  relation  to  Existence. — If  we  assume 
the  objectiye  reality  of  time  and  space,  we  must  aifinn  that 
eyery  thing  which  exists  must  exist  in  time  and  space.  But 
although  existence  necessarily  implies  tune  and  space,  it  does 
not  necessarily  imply  any  measurable  quantity  or  amount 
of  time  and  space.  A  thing  which  exists,  no  matter  what 
it  may  be,  exists  in  the  absolute  and  indiyisible  moment. 
Continued  existence,  of  course,  necessarily  implies  an  amount 
or  measm'able  quantity  of  time,  but  not  more  existence  abs- 
tractly considered. 

The  same  does  not,  howeyer,  hold  uniyersally  true  in  recrard 
to  space  ;  for  whether  the  existence  of  a  thing  necessarily  im- 
plies an  extension  or  measurable  quantity  of  space  depends 
upon  whether  the  thing  possesses  extension  or  not.  For 
example,  thoughts,  feehngs,  emotions,  kc,  and  other  mental 
phenomena  must  exist  in  space,  but  do  not  require  extension 
in  space.  Length,  breadth,  and  thickness  haye  no  application 
to  thought  or  to  feelings.  A  mathematical  point,  for  example, 
has  position  in  space,  but  it  does  not  occupy  space. 

Time  ami  Space  in  relation  to  Chaxge. — Lapse  of  time  is 
necessarily  implied  in  the  yery  conception  of  change.  Change 
is  the  passing  from  one  state  to  another.  The  thing  changed 
is  jirst  in  the  one  state,  and  aftericards  in  the  other.  It 
cannot  be  in  the  two  dilFerent  states  at  the  same  moment. 

Change  does  not,  howeyer,  necessarily  imply  a  quantitatiye 
amount  of  space  as  it  does  of  time.  Change  implies  succes- 
sion of  moments  of  time,  the  one  foUoA^-ing  the  other ;  but  it 
does  not  necessarily  imply  a  succession  of  positions  in  space. 
There  can  be  no  change  without  change  of  position  in  time  ; 
but  there  may  be  change  without  change  of  position  in  space. 
Change  of  thought,  feelings,  &c.  do  not  imnly  change  of 
position  m  space.  It  may  be  true,  or  it  may  not,  that  mental 
change  cannot  take  place  without  some  change  in  our  material 
organism  (say,  of  the  brain)  ;  but  neyertheless  the  most  rigid 
materialist  will  admit  that  change  of  thonqht  itself  does  not 
imply  change  of  position  in  sjiace.  Eyen  in  material  objects 
change  does  not  always  imply  change  of  position.  A  body 
may  also  be  conceiyed  to  increase  or  decrease  in  density  with- 
out any  change  in  the  position  of  its  particles.  Change  of  in- 
tensive quantity  does  not  imply  change  of  position  in  space. 

Time  and  Space  in  relation  to  Teaxsformatiox  of  exergy. 
— It  will  be  perceiyed  at  once  that  lapse  of  time  is  necessarily 
implied  in  the  yery  conception  of  transformation.     Transfer- 
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mation  is  a  cliaiif^o  from  ono  fonn  to  another.  Tlicre  is  fret 
the  ono  form,  and  then  the  other  ;  or,  in  other  Avords,  there  is 
lirst  the  one  form,  and  afterioards  the  other.  The  two  are  not 
simnltanoons.  It  becomes  the  ono  l)v  ceasin^r  to  be  the  other. 
Tran.-formation  without  hipse  of  time  is  both  inconccival)le  and 
a  contradiction  in  terms. 

If  Ave  leave  out  of  consideration  mental  phenomena,  Ave  may 
allirm  that  transformation  of  energy  Avithout  transposition  in 
space  is  just  as  impossible  as  transformation  of  energy  Avith- 
out  transposition  in  time  ;  only  it  is  not  so  directly  obvious  in 
the  ono  case  as  in  the  other.  That  transformation  of  energy 
necessarily  implies  change  of  position  in  space  may  be 
proved  from  general  considerations  alone,  Avithout  reference 
to  special  cases. 

Transformation  of  energy  must  consist  either  (1)  of  change 
of  potential  energy  into  kinetic,  or  (2)  of  kinetic  energy  into 
potential,  or  (3)  of  one  form  of  kinetic  energy  into  another 
form  of  kinetic  energy,  or  (4)  of  one  fonn  of  potential  energy 
into  another  form  of  potential  energy.  There  can  be  no  other 
form  of  transformation  beyond  these  ;  for  they  comprehend  the 
Avhole  field  of  the  possible.  Xoav  it  is  obvious  that  the  first 
three  forms  of  transformation  imply  change  of  position  in 
space  ;  for  kinetic  energy  implies  motion  in  some  form  or 
other,  and  motion  implies  change  of  position  in  space.  The 
fourth  and  last  form  of  transformation,  viz.  of  one  form  of 
potential  energy  into  another,  Avere  it  possible,  might,  it  is 
true,  be  conceived  to  take  place  Avithout  change  of  position ; 
but  there  is  evidently  no  such  thing  in  nature,  so  far  as  is  yet 
knoAvn,  as  one  form  of  potential  passing  directly  into  another 
form.  It  is  true  that  the  potential  energy  of  one  form  may 
be  transformed  into  potential  energy  of  another  form ;  but  it 
must,  in  the  first  instance,  become  kinetic  before  it  assumes 
the  second  form.  Static  electricity,  for  example,  may  be 
transformed  into  magnetism,  but  not  so  directly.  It  must 
first  assume  the  dynamic  form  before  it  can  become  magnetism. 
A  magnet  Avill  magnetize  a  piece  of  soft  iron,  but  before  the 
iron  assumes  the  niagnetic  or  potential  state  a  molecular 
chancre  takes  place.  The  first  effect  produced  on  the  mole- 
cules^f  the  iron  is  dynamic  before  they  assume  the  static  or 
magnetic  state. 

The  conclusions   to   Avhich  Ave  are  led  may  be   stated  as 

follows : — 

1st.  Under  CA'ery  possible  circumstance  time  and  space  are 
absoluteh'  necessary  as  conditions  to  the  transformation  of 
energy  from  one  form  to  another — the  physical  reason  being 
that 'there  can  be  no  transformation  Avithout  motion,  and  there 
can  be  no  motion  Avithout  time  and  sjjace  as  conditions. 
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2nd.  In  every  possible  case  the  amount  of  transformation 
is  limited  by  the  extent  of  the  space  condition  available  for 
the  forces  to  act.  We  have  seen  that  in  the  steam-engine, 
for  example,  the  amount  of  energy  in  the  form  of  heat  that 
can  be  converted  into  mechanical  work  would  be  limited  by 
the  length  of  the  cylinder,  were  it  not  that  the  stroke  of  the 
piston  is  reversed ;  for  when  the  piston  reached  the  end  of 
the  cylinder  no  further  transformation  of  energy  could  take 
place.  But  the  reversal  of  the  motion  of  the  piston  affords 
an  unlimited  amount  of  space  condition ;  consequently,  so 
far  as  space  is  concerned,  there  is  no  limit  to  the  amount  of 
heat  which  may  be  converted  into  work  in  a  steam-engine. 
The  same  thing  is  also  true  of  the  molecules  of  the  steam 
itself.  They  could  perform  no  work  on  the  piston  unless  they 
had  space  to  allow  of  motion.  But  as  their  motion,  like  that 
of  the  piston,  is  to  and  fro,  there  is  no  limit,  so  far  as  space 
is  concerned,  to  the  amount  of  energy  which  they  may  lose 
in  work. 

But  gravity  is  a  force  which  cannot  act  to  and  fro.  The 
amount  of  energy  which  gravity  can  lose  is  limited  by  the 
distance  between  the  gravitating  bodies.  When  the  space 
between  them  is  traversed  and  the  bodies  are  in  contact,  there 
is  then  no  space  condition,  and  further  transformation  of 
energy  into  work  is  impossible. 

Energy  of  Position. — What  is  meant  by  energy  of  posi- 
tion must  simply  be  that  a  body  is  in  such  a  position  that 
force  may  be  converted  into  kinetic  energy  or  energy  of 
motion.  It  means  that  the  force  is  in  a  position,  so  far  as 
the  space  condition  is  concerned,  of  being  transformed  into 
kinetic  energy.  We  do  not  si:)eak  of  the  piston  of  the  steam- 
engine  being  possessed  of  energy  of  position.  We  have  no 
occasion  to  do  so,  simply  because  it  is  always  in  possession  of 
energy  of  position.  But  we  speak  of  the  Aveight  when  raised 
and  the  bow  when  bent  as  possessing  energy  of  position  ;  for 
it  is  only  Avhen  they  are  in  this  condition  that  force  can  be  con- 
Alerted  into  motion.  The  generally  received  meaning,  however, 
of  these  terms  is  not  only  erroneous  and  misleading,  but  hides 
a  most  important  physical  truth.  For  when  it  is  said  that  a 
body  possesses  energy  of  position,  it  is  not  meant  simply  that 
the  body,  in  regard  to  space,  is  in  a  position  to  allow  of  force 
being  transformed  into  energy  of  motion  ;  for  it  is  not  sup- 
posed that  force  is  transformed  at  all,  the  only  thing  chano-ing 
being  simply  the  position  of  the  body.  When  a  stone,  dropped 
from  a  height,  is  being  pulled  to  the  ground  by  the  force  of 
gravity,  it  is  supposed  that  there  is  no  loss  or  consumption  of 
gravity  ;  the  only  thing  lost  which  can  possibly  be  regarded 
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as  tlio  C(niiv;i]ent  of  ihc  motion  gained,  is  simply  tlic  rlistanco 
between  the  stone  and  the  ground,  Con8ec|uently  space  is 
not  only  made  a  part  of  the  potential  enei-gy,  biit  the  only 
part  out  of  which  the  kinetic  energy  has  been  generated— 
space  or  distance  from  the  ground  being  the  form  in  whicli 
the  energy  of  the  falling  stone  ])reviously  existed. 

Gravih/  a  Sjiacc-pervad'mg  Force. — Tlie  fact  that  gravity 
increases  inversely  as  the  square  of  the  distance  may  be  re- 
garded as  evidence  of  the  truth  of  the  views  advocated  by  Fara- 
day*, Waterston  t,  and  others,  that  it  is  a  force  pervading 
space  external  to  bodies,  and  that  on  the  mutual  approach  of  the 
bodies  this  force  is  not  increased  as  is  generally  supposed,  but 
the  bodies  merely  pa.>s  into  a  ])lace  where  the  force  exists  with 
greater  intensit}' ;  for  in  sucli  a  case  the  intensity  of  the 
force,  in  the  space  external  to  any  body,  is  inversely  as  the 
square  of  the  distance  from  the  centre  of  convergence  of  these 
lines  of  force.  When  a  stone,  projected  upwards,  recedes  from 
the  earth,  its  vis  viva  is  transferred  to  space,  and  exists  there 
as  gravity.  When  the  stone  ap})roaches  the  earth,  the  force 
existing  in  space  is  transferred  back  to  the  body  and  rea[)pears 
as  vis  viva. 

"The  integral  of  gravitation,''  says  Mr.  Waterston,  "is  a 
function  of  space.  .  .  .  Each  element  of  radial  distance  has 
associated  with  it  a  fixed  element  of  mechanical  force,  to  be 
given  or  taken  from  all  bodies  traversing  it." 

Gravity  supposed  to  he  an  Impact  or  a  Pressure. — It  is  now 
generally  admitted  that  the  conception  of  attraction  does  not 
represent  the  inodus  operandi  of  gravitation,  because  attrac- 
tion implies  action  at  a  distance,  or,  in  other  words,  that  a 
thing  acts  where  it  is  not,  Avhich  is  just  as  impossible  as  that 
a  thing  can  act  icheii  it  is  not.  Gravity,  in  all  probability,  is 
of  the  nature  of  an  impact  or  a  pressure.  Some  of  our  most 
eminent  physicists  state  that  the  force  of  gravity  nmst  either 
result  from  impact  of  ultramundane  corpuscles,  in  some  respects 
analogous  to  that  of  the  ])artieles  of  a  gas  (which  has  been 
found  to  be  capable  of  accounting  for  gaseous  pressure),  or  it 
must  result  from  difference  of  pressure  in  a  substance  con- 
tinuously filling  space,  except  where  matter  displaces  it. 

That  gravity  is  a  force  of  the  nature  of  j)rcssure  is,  I  think, 
beyond  all  doubt ;  but  that  this  pressure  results  from  the  im- 
pact of  cor})Uscles  or  from  difference  of  ])ressure  in  a  substance 
filling  space  is  purely  hypothetical.     ^Vhy  not  assume  it  to 
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be  a  force  without  calling  in  the  aid  of  corpuscles  or  a  medium 
filling  space  ? 

On  a  former  occasion*  I  endeavoured  to  show  at  consider- 
able length  that  our  inability  to  conceive  how  force  can  exist 
without  a  material  medium  has  its  foundation  in  a  meta- 
physical misconception. 

Force  cannot  be  conceived  to  exist  of  itself;  for  it  is  not  a 
substance,  but  must  be  either  the  property  of  a  substance  or 
the  effect  of  a  cause.  But  there  is  no  a  priori  necessity  for 
forming  any  conception  of  the  nature  of  the  substance  of 
which  It  is  the  property,  or  of  the  cause  of  which  it  is  the 
effect.  This  is  not  all.  To  suppose  that  the  substance  of  which 
the  force  is  the  property  should  be  some  material  tangible 
thing  such  as  a  corpuscle,  is  to  suppose  that -we  must  not  only 
know  the  nature  of  the  substance,  but  should  also  be  able  to 
form  a  sensuous  representation  of  it.  Here  is  a  double  error  ; 
for  it  is  only  the  properties  that  are  cognizable  through  the 
senses  ;  or,  in  other  words,  we  know  substance  only  through 
its  properties,  or  In  the  way  that  it  manifests  itself.  Every 
thing  In  the  corpuscle^^  for  example,  which  Is  manifested  to 
the  eye,  to  the  ear,  or  to  the  touch.  Is  just  as  much  a  property 
or  an  effect  as  Is  force  itself.  All  that  the  intellect  demands 
is  that  the  force  of  gravity  be  the  force  of  something',  but  what 
that  something  Is  other  than  a  something  manifesting  itself  as 
force  Ave  have  no  necessity  for  knowing.  It  does  not  follow 
that  this  something  should  have  the  additional  properties  of 
hardness,  length,  breadth,  and  thickness,  kc,  so  that  It  may 
be  designated  a  corpuscle,  a  material  particle,  or  an  elastic 
medium  &c. 

Gravity  as  a  Retarding  Cause. — I  shall  now  briefly  refer  to 
a  curious  consequence  which  appears  to  follow  from  the  im- 
pact theory,  independently  of  any  considerations  which  have 
been  here  advanced  regarding  the  transformation  of  gravity. 
If  gravity  results  from  corpuscular  Impact,  It  follows,  althouo-h 
the  contrary  seems  to  have  been  generally  assumed,  that  the 
force  of  impact  will  be  greater  Avhen  a  body  is  movlno-  in 
opposition  to  the  corpuscles  than  when  moving  in  the  same 
direction,  unless  we  assume,  what  would  be  absurd,  that  they 
move  with  Infinite  velocity.  The  collision  in  the  case  of  two 
trains  meeting  each  other  is  more  severe  than  In  the  case  of 
the  one  overtaking  the  other. 

It  therefore  follows  that,  even  though  the  atmosphere  offered 

iio  resistance,  a  body  projected  vertically  upwards  would  not 

return  to  the  earth  with  absolutely  the  same  velocity  as  it  left. 

A  stone,  for  example,  projected  upwards  against  an  excessively 

*  Philosopliy  of  Theism.    Ward  and  Co. :  18o7. 
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heavy  shower  of  hailstones,  will,  irrespective  of  resistance 
from  the  air,  return  to  tlie  ground  with  a  certain  loss  of 
motion,  hecause  the  force  of  impact  of  the  hailstones  will  he 
greater  on  the  stone  when  ascending  than  when  descending. 
Now  if  we  suhstitute  gravific  corpuscles  for  hailstones  we 
shall  have  the  same  result,  though,  of  course,  to  a  far  less 
extent,  owing  to  the  enormous  velocity  of  the  gravitic  cor- 
])uscles  comjiared  with  that  of  the  hailstones.  But  unless 
these  corpuscles  move  with  infinite  velocity,  the  force  of  im- 
]iact  c^innot  be  absolutely  as  great  on  the  descending  as  on 
the  ascending  stone  ;  and  if  so  it  cannot  return  to  the  earth 
with  absolutely  the  same  velocity  as  it  left.  There  must  be  a 
loss  of  motion,  however  small  that  loss  may  be. 

In  all  probabilify  this  is  a  ])oint  too  nice  ever  to  be  deter- 
mined by  experiment.  This  loss  of  motion  might,  however, 
if  real,  be  detected  in  the  case  of  comets  or  planets  with  very 
eccentric  orbits.  The  tendency  of  this  cause  would  be  to 
produce  a  shortening  of  the  major  axis  of  the  orbit  of  the 
planet  or  comet,  and  of  course  a  corresponding  decrease  in 
the  period  of  revolution. 

If  gravitation  Avere  an  impact,  no  planet  nor  comet  could 
move  everlastingly  in  an  elliptic  orbit.  But  the  nmtual  disturb- 
ing forces  of  the  planets  will  always  maintain  them  in  elliptic 
orbits  ;  and  it  would  therefore  seem  to  follow  that  gravity 
alone,  without  any  resisting  medium,  would  ultimately  bring 
the  planets  to  the  sun. 

The  same  results  Avill  follow  on  the  supposition  that  gravity 
is  caused  by  unequal  pressure  in  a  substance  continuously 
filling  space. 

XXXIII.  On  the  Dynamical  Signification  of  the  Quantities 
occurring  in  the  Mechanical  Theory  of  Heat.  By  C.  SziLY, 
ofBuda-Pesth*. 

ONE  of  the  most  important  physical  fundamental  notions 
is  that  of  tem})erature  ;  all  the  quantities  of  the  theory 
of  heat,  nay,  every  physical  quantity  stands  in  relation  to 
this  ;  and  yet  thei-e  is  perhaps  not  a  single  notion  in  the  entire 
range  of  physics  which  has  been  so  indefinite  and  obscure. 
Both  the  rational  definition  and  the  measurement  of  tempera- 
ture have  for  their  sole  basis  the  frequently  discussed  but  not 

*  Translated  from  a  German  version,  commiinipatcd  by  the  Author,  of 
a  memoir  which  appeared  in  the  Hungarian  ]\luc(/yettmi  Lapok,  vol.  i. 
p.  16o.  On  penisinj^  the  proof  sheet  of  the  English  translation,  the 
author  has  made  a  few  modifications,  and  inserted  the  results  of  some  of 
his  new  investigations  on  the  subject. 


Quantities  occin^ning  in  the  Mechanical  Theory  of  Heat.     255 

yet  duly  elucidated  second  proposition  of  the  mecliaiiical  theory 
of  heat.  Accordingly  a  rigorous,  indisputahle  proof,  a  jnirely 
dynamical  demonstration  of  the  Second  Proposition  is  of  pre- 
eminent interest,  not  merely  for  the  theory  of  heat,  hut  also 
for  every  department  of  physics. 

Of  late  years  it  has  already  been  repeatedly  attempted  to 
deduce  the  Second  Proposition  without  the  aid  of  thermic 
axioms  or  hypotheses,  merely  resting  it  upon  mechanical  prin- 
ciples or  at  least  purely  mechanical  assumptions.  In  the  year 
1866,  Boltzmann  showed  that,  for  a  system  of  material  points, 
one  can,  on  certain  special  hypotheses,  construct  a  dynamic 
proposition  Avhich  in  form  and  meaning  appears  to  be  identical 
with  the  second  proposition  of  the  mechanical  theory  of  heat. 
In  1871,  Clausius  somewhat  extended  and  generalized  the  pro- 
position. In  the  same  year  the  author  of  this  submitted  to 
the  Hungarian  Academy  a  memoir  in  v^'hich  he  called  atten- 
tion to  the  fact  that  the  d^iiamic  projiosition  of  Boltzmann 
and  Clausius,  at  least  in  form,  agrees  with  Hamilton's  prin- 
ciple, whence  he  inferred  that  the  Second  Proposition  plays 
the  same  part  in  thermodynamics  that  Hamilton's  principle 
does  in  dynamics. 

All  these  dA-namic  deductions,  however,  althouo;h  free  from 
thermic  hypotheses,  were  not  free  from  mechanical  assump- 
tions ;  and  on  this  account  they  were  inadequate  to  excite 
absolute  confidence  in  the  universal  validity  of  the  proposition 
in  question.  This  circumstance  determined  me  to  investigate 
the  question  afresh  (in  a  memoir  submitted  to  the  Hungarian 
Academy  of  Sciences,  May  10,  1875*),  and,  resting  on  an 
almost  prophetic  utterance  of  Eankine's,  endeavour  to  deduce 
the  Second  Proposition  directly  from  the  principle  of  the 
conservation  of  energy  without  making  any  further  mechanical 
assumption. 

I  must  confess  that  in  this  attempt  I  at  that  time  encoun- 
tered very  great  difficulties  :  the  thoughts  move  rather  heavily ; 
and  the  deduction  rests  on  perhaps  a  not  quite  indisputable 
basis  f.  Since  then  I  have  been  continually  pursued  by  the 
thought  whether  the  deduction  could  not  be  effected  more 
naturally,  simply,  and  secure  against  e^-ery  objection.  I 
finally  came  to  the  conviction  that  the  chief  difficulty  consists 
in  this — that  the  mechanical  conceptions  which  have  been  formed 

*  Phil.  Mag.  [V.]  vol.  i.  p.  '22  ;  Pogg.  Ann.  Erganzungsbaud  vii.  p.  154 
t  Thus,  for  example,  in  the  May  Niimher  of  the  Philosophical 
INIagazine  the  remark  of  Mr.  Nichols,' that  in  the  memoir  in  question  no 
solid  reason  was  given  why  the  differential  of  the  quantity  of  heat  com- 
municated is  to  be  regarded  as  a  mean  value  of  energy-differentials,  is 
perfectly  just. 
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of  thevtnlc  quantities  are  inadequate,  and,  taken  Mrirtly,  are 
not  even  correct.  It  became  evident  that,  before  all,  these  con- 
ceptions must  be  sifted,  and,  indeed,  in  part  generalized,  in 
])art  rendered  more  precise.  I  now  resolved  to  give  up  many 
of  the  usual  ideas,  and  to  substitute  for  them  more  general 
and,  in  my  opinion,  more  precise  notions.  Arrived  at  this 
point,  the  deduction  was  immediately  found  to  be  more  simple, 
more  natural. 

I  now  make  public  the  results  which  1  have  hitherto  at- 
tained, viz.  (1)  the  necessary  modification  of  the  notions  in 
the  theory  of  heat,  (2)  the  dynamic  deduction  of  the  Second 
Proposition  carried  out  on  the  basis  of  the  altered  notions, 
(3)  conclusions  resulting  from  the  new  conception. 


One  of  the  first  things  assumed  in  the  mathematical  treat- 
ment of  the  theory  of  heat  is  that  the  thermal  state  of  a  body 
is  constant  so  long  as  its  volume  and  temperature  remain  un- 
changed. Since  in  this  is  given  merely  a  one-sided,  and 
moreover  a  rather  loose  definition  of  that  unknown  something 
which  is  usually  named  ''  constant  state,"  taken  as  it  stands  we 
can  oifer  no  objection  to  it.  It  has,  however,  been  customary 
to  add  that  it  is  only  when  the  volume  and  temperature  of  a 
body  remain  continuously  constant  that  its  thermal  state  can 
and  ought  to  be  regarded  as  unchanged,  and  that,  with  any 
(even  an  infinitesimal)  change  of  the  volume  or  the  tempera- 
ture, a  corresponding  alteration  of  the  thermal  state  ensues. 
But  is  this  correct  ?  If  we  adhere  to  this  definition  of  constant 
state  absolutely,  can  we  presume  that  there  exist  bodies  the 
state  of  which  can  in  this  sense  be  regarded  as  invariable  ? 
For  my  part,  I  believe  that  there  does  not  exist  in  nature  a 
bodv  of  which  it  could  be  assumed  that  its  state,  thus  defined, 
remains  constant,  even  during  only  an  infinitesimal  space  of 
time. 

For  every  body  can  be  considered  as  an  aggregate  of  num- 
berless, but  not  infinitely  many,  material  points  in  continual 
motion,  under  the  influence  of  external  and  internal  forces, 
according  to  certain  unknown  laws.  Let  us  picture  to  our- 
selves a  body  with  its  numberless  molecules  and  the  pro- 
])ortionally  large  interspaces  between  them.  Let  us  contem- 
])late  thislittle  world  at  a  certain  instant,  ^  =  0.  Each  mole- 
cule has  at  this  instant  a  certain  position,  a  definite  velocity 
and  acceleration;  and  it  may  happen  also  that  the  velocity 
of  many  a  one  is  just  zero.  And  now  let  an  indefinitely  short 
time  dt  pass,  after  the  lapse  of  which  we  will  contemplate  the 
body   again.      We  perceive  an  entirely    changed  constella- 
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tion  ?  Nearly  every  molecule  has  an  altered  position,  velocity, 
and  acceleration  ;  those  only  have  meanwhile  continued  in  the 
same  place  and  situation  whose  velocity  happened  previously 
to  be  0  :  here  the  molecules  have  become  scattered;  there 
they  have  moved  closer  to  one  another ;  here  is  rarefaction, 
there  condensation  perceptible.  This  is  apparent  not  merely 
in  the  interior,  but  also  at  the  surface  of  the  body ;  there  also 
some  of  the  molecules  have  moved  further  apart,  while  others 
have  come  closer  together.  At  the  next  moment  again 
another  grouping  shows  itself;  and  so  it  goes  on  in  constant 
change. 

Xow  what  is  the  consequence  of  this  continual  variation  ? 
As  the  number  of  the  molecules,  though  very  great,  is  not  in- 
finite, and  we  will  provisionally  suppose  that  no  unparalyzed 
external  forces  cooperate  which  could  disturb  the  spontaneous 
variation,  there  is  just  as  much  prohahiUti/  that,  at  any  moment 
previously  selected,  the  partial  rarel actions  will  predominate, 
as  that  the  reverse  will  be  the  case ;  and  therefore  that  in  an 
indefinitely  short  period  chosen  the  sum  of  the  expansions  or 
that  of  the  contractions  will  predominate  is  equally  probable — 
supposing,  I  repeat,  that  no  unparalyzed  external  forces  act 
on  the  body.  Let  us  assume  that  at  the  moment  chosen  ex- 
pansion predominates,  so  that  m  that  element  of  time  the 
volume  becomes  greater.  Let  us  then  consider  the  body 
again  after  a  while  :  it  may  just  as  well  happen  that  now  the 
contractions  predominate  and  therefore  the  space  occupied 
is  diminishing.  As,  however,  the  successive  changes  can  never 
take  place  abruptly,  all  the  gradations  of  both  expansion  and 
contraction  must  occur,  and  in  a  continuous  series,  between 
the  limits  detenuined  by  the  given  ratios.  Accordingly  the 
volume  will  during  a  certain  time  continually  increase  until 
it  reaches  an  extreme  limit  of  expansion  corresponding  to  the 
circumstances ;  it  then  remains  an  instant  unaltered,  and 
thenceforward  diminishes  uninterruptedly  till  it  reaches  the 
limit  of  condensation,  when  it  again  remains  a  moment  un- 
changed, to  expand  again  and  repeat  the  performance  we  have 
described.  It  would  certainly  be  a  very  remarkable  and  ex- 
tremely rare  chance,  if  the  partial  expansions  and  contractions 
were  at  every  moment  to  exactly  compensate  one  another.  It 
is  far  more  likely  that  the  volume  is  subject  to  a  continual  varia- 
tion, a  constant  pulsation.  These  oscillations  are  as  little  per- 
ceptible to  the  senses  as  the  motions  of  the  molecules  b}'  which 
they  are  brought  about.  After  each  complete  oscillation  the 
body  returns  again  to  its  pi-evious  phase.  If  we  denote  by  i 
the  period  of  a  complete  oscillation,  and  by  dv  the  actual 
variation  of  volume  in  the  time  dt,  then  the  total  change  of 
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volume  during  the  period  of  a  complete  oscillation  is 


i 


dv  'dt_^ 


or 

1  r 

dv.dt-O. 


if, 


When,  there/ore,  it  is  said  that  the  space-content  of  a  body  is 
constant,  this  properly  signifies  only  that  the  stim  of  the  varia- 
tions of  volume  during  a  vomplete  oscillation  is  nil. 

If  it  1)0  admitted  that  tlie  hody,  in  relation  to  these  changes 
of  volume,  can  be  regarded  as  perfectly  elastic,  and  we  assume 
tbat  no  unparalvzed  external  forces  alter  the  amplitude  or  the 
period  of  the  oscillations,  then  on  the  one  hand  the  duration  of 
an  oscillation,  and  on  the  other  the  mean  volume  for  this 
period,  remain  constant;  or 

i= const., 
and 


«  Jo 


v  .  dt  —  eonsi. 


Therefore,  if  it  is  said  the  volume  is  constant,  this  by  no  meaiis 
signifies  that  the  volume  undergoes  no  variation,  Ind  merely  that 
the  mean  value  of  the  volume  remains  unchanged. 

I  think  the  justification  of  this  conception  can  hardly  be 
questioned. 

But  as  soon  as  it  is  allowed  that  the  space-contoiit  is  subject 
to  continual  alterations,  it  must  also  be  adm.itted  that  the  body 
is  continually  performing  work  against  the  forces  acting  upon 
it,  now  positive,  now  negative,  although  its  volume  is,  in  the 
ordinary  sense,  called  constant.  It  hence  follows,  not  that 
the  work  done,  <rZ"\Y,  in  the  time-element  dt  is  nil,  but  merely 
that  the  mean  value  of  (?W  during  a  complete  oscillation  is 
equal  to  nil,  or 

rfW  =  M     dW.dt^O. 


I  Jo 


But  whence  does  the  body  take,  and  to  what  does  it  apply, 
the  energy  which  comes  into  play  in  this  alternate  performance 
and  consumption  of  work  ?  On  the  one  hand  the  energy  of 
the  body,  and  on  the  other  the  energy  of  the  outer  world,  can 
be  diminished  or  augmented. 

Tlierefore  the  energy  of  the  body  is  also  subject  to  a  con- 
tinual variation,  a  continual  fluctuation ;  it  increases  and  dimi- 
nishes, even  though  the  volume  and  temperature  are  assumed 
to  be  constant.  If,  therefore,  it  is  said  the  energy  of  a  body  is 
(•onstant,  this  properly  means  only  that  the  mean  xtdno  during 
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an  oscillation 

E  =  const. 

The  energy  of  a  body  consists  of  two  parts — tlie  vis  viva  T, 
and  the  potential  energy  U ;  so  that 

E  =  T  +  U. 

No^v  since  E  is  subject  to  continual  alterations,  T  and  U  will 
in  general  continuously  yary :  their  mean  value,  howeyer,  for 
a  complete  period  shall  remain  constant.     Thus 

T  =  const., 

U= const., 

and  E  =  T  +  U. 

The  energy,  clQ,  received  from  without  in  the  time  dt  is,  ac- 
cording to  the  principle  of  the  conservation  of  energy, 

dQ  =  dT  +  d'U  +  dVr. 

Let  us  select  any  one  of  the  material  points  of  the  body  as 
the  representant  of  the  others.  Let  m  be  the  mass  of  this  point ; 
let  its  rectangular  coordinates,  at  the  tune  t,  be  x,  y,  z ;  the 
components  of  its  velocitv' d','  ?/,  z' \  and  the  components  of  its 
acceleration  a!' ,  y",  z".  Li  the  time  dt  the  coordinates  and 
the  components  of  the  velocity  will  vary  with  dx ...  or  with 
da/ ....     And  since 

T  =  i2m(.i/2+/2  +  y2^^ 

and  the  total  work  (external  and  internal)  performed  in  the 
time  dt, 

f/U  +  (AV  =  -  2?»  {x"dx + y"dy  +  z"dz) 

(if  the  work  which  the  forces  do  against  the  bodv  be  reckoned 
positive). 
Therefore 

dq='Zm{x'dA''  +  . . .  -x"d.r-. . .  ), 


or 


hence 


.Q-.(|'......-f..,....). 


JQ=0. 


From  this  it  follows  that  this  sj^ontaneous  periodical  change 
of  the  body  is  an  adiabatic  one ;  the  energy  which  comes  into 
play  in  this  alternate  performance  and  consumption  of  work 
is  exclusively  borrowed  from  the  energy  of  the  body. 

The  equation  of  energy  for  the  unchanged  state  of  the  body 
is  therefore  to  be  written  as  follows, 

0  =  f/T  +  c/U  +  cm'. 

S2 
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Tlien,  taking  tlio  nionn  values, 

'  Let  u.s  collect  the  results  of  the  foregoing  considerations. 
It  is  now  easy  to  perceive  when  the  tlicnuul  state  of  a  body 
can  be  regarded  as  const;uit :  it  is  not  in  the  least  necessary 
that  what  are  called  the  variables  of  state  (volume,  tempera- 
ture, tension,  &C.)  should  continually  remain  constant.  Ac- 
cording to  our  apprehension,  the  condition  for  the  constancy 
of  the  state  of  any  body  whatsoever  consists  in  this,  tlmt  the 
period  of  the  oscillation,  the  mean  values  of  the  volume,  of  the  vis 
viva,  awl  of  the  potential  enevr/ij  he  constant,  the  mean  value  of 
the  e.vtevnal  work,  referred  io  the  duration  of  a  cotnplete  oscilla- 
tion, he  nil,  and,  pnalh/,  that  the  j^eriodical  change  of  the  body 
he  an  adiahatic  one.    Therefore,  if  the  state  is  unchanged,  then 

?  =  const.,     .     .     (1)  U  =  const.,     .     .     (4) 

£  =  const.,     .     ;     (2)  .AV  =  0,       .     .     .     (5) 

T= const.,     .     .     (3;  rfQ=0.       ...     (6) 

So  lono-  as  the  state  of  the  body  is  unchani^ed  these  six 
equations  stand,  and  vice  versa.  But  these  condition-equations 
are  not  all  independent  of  one  another ;  it  is  possible  that  by 
satisfying  two  or  three  the  rest  of  them  are  eo  ipso  satisfied. 

Having  settled  these  preliminaries,  we  will  now  pass  to  the 
analytic  treatment  of  state-change,  and,  in  connexion  there- 
wiih,  to  the  deduction  of  the  Second  Proposition. 


Let  us  imagine  any  body,  and  select  any  one  of  its  material 
points.  Let  m  be  the  mass  of  this  point ;  let  its  rectangular 
coordinates  at  the  time  /'  =  0  be  .r^,,  y^,  z^',  the  components  of 
its  velocity,  ,v'q,  y\,  d ^ ;  and  the  components  of  its  accelei-a- 
tion,  x!\,  y" w  ^\'  Further,  let  v^  be  the  volume  of  the  body, 
Tq  its  vis  viva,  JJ^  its  potential  energy  at  the  same  time.  If 
the  state  of  the  body  did  not  vary,  the  period  of  an  oscillation 
would  remain  constant,  likewise  the  mean  values  referred  to 
it  I',  T,  U,  &:c.,  and  the  point  in  would  come  at  the  end  of  the 
time  i  into  a  certain  position  Avhose  coordinates  we  will  desig- 
nate by  d\,  .  .  .  .  ,  the  velocity-components  there  appearing 

by  a-'-i,  .  .  .  ,  the   acceleration-components   by  y\, 

But  now  let  the  state  of  the  body  change  infinitesimally 
durinir  the  time  i,  so  that  at  the  end  of  it  the  oscillation-i)eriod 
may  be  i  +  Bi,  the  mean  value  of  the  vis  viva  T  +  ST  (instead 
of  T),  &c. 

At  any  instant  t,  between  0  and  /,  let  the  coordinates  of 
m   be  .)■,  .  ,  .  .  ,  the  velocity-components  .»•',  ....  -Tid  the 
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acceleration-components  .v",  .  .  .  .  ;  at  the  same  time  let  the 
vis  viva  of  the  body  be  T,  its  potential  energy  U.  .In  the  in- 
definitely short  time  df  subsequent  to  t  the  position  of  the 

point  is  changed  by      '.     ,....,  its  velocity  by  — r — ,  .  .  •  •  y 

the  vis  viva  of  the  body  by  —^ — ,  its  potential  energy  by 
— r^ — .  Meanwhile  the  bodvdoes  the  Avork  — .'—  ,  and  receives 

from  without  the  energy        .     .     According  to  this  notatiouj 

the  variation  S  signifies  that  indefinitelv  small  change  of  the 
quantity  concerned  which  would  ensue  during  the  time  i  if 
the  rate  of  the  change  remained  the  same  throughoitt  the 
time  i  as  it  Avas  during  the  element  of  time  df.  From  the 
principle  of  the  consen'ation  of  energy  we  have  then 

Since 

and 

"(that  is,  when  the  work  is  reckoned  positiA-e  Avhich  the  forces 
do  against  the  body),  therefore 

5Q=2m(ysy+.  .  .-y'Sct— .  .  .)■ 

Now,  in   order    that  aa'c  may  form  SQ.  Ave   multiply  the 
equation  by  dt  and  take  into  consideration  that 

iv'dt  =  d.L', 

A^'dt^d.c', 
Then 

hq.dt=tm{dx.h,v'  +  .  .  .  .   -f/yS.i— .  .  .  .). 
But  now 

da/hx = d{x'hx) — a/dhx 
and 

:v'dhx=x'hdx=h{x'dx)-dxla/i 
so  that 

SQ.f/^=-2m<7(yS.r  +  .  .  .  .)  +  %mZ{x^dx  +  .  .  .  .), 

or,  Avriting  the  symbols  of  diflerentiation  and  variation  before 
that  of  summation,  and  restoring  in  the  last  sum  the  previous 
value  of  dx.  taking  into  account  the  expression  of  the  vis  viva, 
and  integrating  betAAcen  0  and /, 

^lSq.dt  =  Xn>[x'Sx+ ]:>+  y,2T.df, 
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or,  inserting  the  mean  values, 

t.SQ  =  2m[yS.r+y%  +  yS^]J  +S(2.i-f).  .    .    (I.) 

This  equation  is,  as  remarked  by  Sir  William  Thomson  in 
'A  Treatise  on  Natural  Philosophy,'  i.  p.  233,  valid  for  every 
si/stem  tinder  all  circumstances. 

Let  us  now  investigate  the  signification  of  the  here  occur- 
ring quantities. 

SQ  is  the  integral  of-^^r^ —  between  the  limits 0 audi;  and 

since  -— —  denotes  the  energy  which  the  body  receives  from 

without  during  the  time  dt,  its  integral  will  denote  the  total 
energy  which  it  receives  from  without  during  the  time  of  a 
pulsation,  viz.  the  energy  imparted  at  the  infinitely  small 
variation  of  state. 

The  first  sum  on  the  right  side  of  the  equation, 

2;/<(.r'oS.ro+  ...), 

xefers  io  t  =  0 — that  is,  to  the  frst  time-element  of  the  state- 
variation  ;  the  second  sum, 

2")(./,-8.r,+  . . .  ), 

refers  to  t  =  i — that  is,  to  the  last  time-element  of  the  same. 
Between  these  two  instants  lies  just  one  period  of  the  un- 
changed body  ;  hence,  as  lono;  as  the  state  of  the  body  does  not 
change,  its  phases  at  the  instants  0  and  i  are  the  same ;  conse- 
quently 

Vi  =  ro,     Ti  =  To,     Ui=Uo, 
and 

therefore 

dti=dto,    ST.=8To,     8U,=8Uo. 

Further,  the  external  works  performed  in  the  time-elements 
dti  and  dt(^  (the  same  infinitely  small  variation  of  state  start- 
ing from  the  same  phase)  will  be  likewise  the  same ;  that  is  to 
say, 

■~T~"^        i       ' 
and  hence 

SW,=SWo. 

Premising  these,  let  us  see  the  dynamical  signification  of 
the  sum 

'S,m(x'8x+  . . .  ). 
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To  this  end  let  us  consider  first  the  signification  of 

This  may  be  written  also  as  follows, 
'tm{x'-+  ...).dt, 
or  thus, 

■n.dt. 

But  this  last  expression  is  nothing  else  but  the  action  of  the 
unchanged  body  in  the  time  dt.     Let  that  action  be  dK,  then 

2m(.y'f/.y+  ...)  =  dA, 

whence  it  appears  that  the  sum  in  question,  -^-iz. 

signifies  the  action  of  the  body  in  the  time  /,  supposing  that  its 
material  points  are  not  endued  with  any  spontaneous  motion, 
and  that  the  rate  of  change  of  state  remains  the  same  through- 
out all  the  time  i  as  it  actually  was  during  the  element  of  time 
dt.     Hence 

SA .  dt 


denotes  the  action  of  the  body  in  the  time  dt,  supposing  that  its 
material  points  are  not  endued  ^\-ith  any  spontaneous  motion. 
If  we  now  add  to  this  the  action  in  the  time  dt  resulting  from 
the  spontaneous  motion  of  the  material  points,  we  shall  get  the 
total  action  in  the  time  dt  equal  to 

Accordingly 

^A^+c^Ao 
I 

%\dll  express  the  action  in  the  first  time-element  of  the  change 
of  state. 

Let  us  now  imagine  that  the  very  same  infinitely  small  state- 
variation  does  not  begin  at  the  time  ^  =  0, but  at  the  time  t=i 
later,  and  that  it  also  finishes  at  the  same  time  later  :  then, 
will  the  action  in  the  first  time-element  of  the  state-variation  be 

But  according  to  the  above-defined  conceptions,  the  thermal 
properties  of  the  body  are  periodical  functions  of  the  time  j 
consequently  it  cannot  make  any  difference  whether  the  chano-e 
of  state  starts  with  the  beginning  of  the  ??th  or  (?i  +  l)th  period; 
and  the  action  in  the  first  time-element  of  the  change  must  be 
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the  same,  in  whichever  period  the  change  happen,  provided 
only  the  j)hasc  l)o  the  same.     Hence 


or 


and  since 
Ave  shall  have 


To=T,-,  and  i/f,=dti, 

SA,=8Ao; 
and  considering  the  signification  of  8A, 

2w(./,-8.ri+  . .  .)  =  Sm(yoS.fo+  . . .  ), 
or 

We  arrive  therefore  at  the  result  that 

?8Q  =  S(2iT), 

or,  in  words,  T/ie  variation  of  the  action  of  the  hody  during  a 
jyulsation  is  equal  to  the  product  of  the  period  of  the  pidsation 
and  the  quantity  of  enercnj  communicated  to  it  during  that  time. 
As  in  this  equation  the  Aariation-symbols  only  are  preserved, 
we  can  substitute  differentiation-symbols  for  them,  and  write 

i."^=(/(2rr) (La) 

If  constancy  of  state  he  defined  in  the  icay  in  trhich  ice  have 
defined  it,  equation  (I.  a)  icill  be  valid  for  every  hody  and  for  any 
infinitesimal  change  of  state. 

If  the  body  goes  through  a  closed  series  of  state-changes 
(a  ''  cyclical  process  "),  so  that  i  and  T  at  the  close  resume 

the  initial  values,  then  is         

Ji.rfQ=0, 
or 

lldq.dt=i\ 

where  the  first  integral  refers  to  a  complete  oscillation,  and 
the  second  to  an  entire  cyclical  process. 

Equation  (I.  a),  hoAvever,  can  also  be  integrated  in  another 
way.     If  we  diAide  it  by  i .  T,  we  get 

iS=2.fnog(tT), 
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or,  otherwise  written, 

In  the  lirst  form,  integrated  over  an  entire  cyclical  process, 

ff-o m.) 


J. 


If  we  noAV  compare  these  dynamic  theorems  with  the  second 
proposition  of  the  mechanical  theory  of  heat,  which  is  referred 
to  reversible  cyclical  processes,  we  find 

i^=0, (II.) 

a+t       ^  ^      ^ 

where  a  +  t  expresses  the  temperature  reckoned  from  absolute 
zero  of  gases ;  while  of  dQ  it  is  asserted  that  it  denotes  the 
differential  of  the  heat  commnnicated  to  the  body.  Our  dyna- 
mic equation  (II.  b)  indeed  agrees  M-ith  the  thennod^iiamic 
equation  (II.),  but  only  on  the  h}-|)othesis  that  the  absolute 
temperature  is  proportional  to  the  mean  value  of  the  vis  viva 
of  the  body,  referred  to  the  duration  of  an  oscillation,  and  that 
the  thermodynamic  dQ  is  proportional  to  the  dpiamic  dQ. 
We  will  first  examine  the  latter  relation,  designating,  for  the 
sake  of  distinction,  the  thermodynamic  dQ  by  d<Q,  so  that 

d<B=adQ. 

And  since  both  d<Q,  (heat)  and  dQ,  denote  energy,  the  propor- 
tionality-factor a  is  a  pure  number,  the  quantity  of  which 
depends  only  on  the  miits  chosen.  Selecting  the  unit  of  heat 
equal  to  the  unit  of  energy,  we  get  a  =  1  and 

d(fh  =  dQ, 
or 

'^^=jSodQ.dL 

From  this  it  follows  that  what  is  called  the  heat-differential, 
dd^,  is  not  the  differential  of  the  energy,  but  denotes  only  the 
mean  value  of  such  differentials  during  a  complete  oscillation. 
One  can  now  easily  explain  \\  hy  the  first  principal  equation  of 
the  theory  of  heat  cannot  be  directly  integratecl.  It  is 
because  d<f^  is  not  properly  a  differential,  but  only  an  in- 
finitesimal average  quantity,  and  because  the  sum  of  the 
average  quantities 


266       M.  0.  Szily  on  the  Dynamical  Signijication  of  the 

depends  also  on  the  temporary  course  (in  other  words,  on  the 

way  and  manner)  of  the  importation  of  enertry.  Fnrtlu3r,  \ip 
to  tlic  ])re.sont  the  period  has  been  qnite  nndetermined  during 
whieli  the  (juantity  of  heat  d(fh  is  communicated  to  the  body ; 
it  is  now  evident  that  d<^  refers  to  the  j>eriod  of  an  oscillation, 
and  that  it  signifies  that  quantity  of  energy  which  should  be 
brought  to  the  body  during  one  oscillation. 

Let  us  now  examine  the  relation  of  the  absolute  temperature 
to  the  vis  vira.  Provisionally  let  /3  be  the  proportionality- 
factor,  so  that 

T=^(a  +  t). 
As  the  temperature  is  independent  of  the  mass  (for  a  small 
mass  may  have  the  same  temperature  as  a  large  one),  while  T 
depends  on  the  mass,  it  is  simplest  to  suppose  /3  proportional 
to  the  mass  of  the  body.     Tims 

where  M  denotes  the  mass  of  the  body,  and  c  a  pure  number 
which,  beside  the  chosen  units  of  measurement,  can  only  de- 
pend on  the  nature  of  the  body.     We  then  have 

T" 

«+^=5f7^; ^^^ 

that  is,  the  absolute  temperature  of  the  body  is  to  the  mean  value 
of  the  vis  viva  in  direct,  and  to  the  mass  i;i  inverse  ratio.  The 
measuring  unit  is  the  vis  viva  divided  by  the  mass,  or  (what 
is  the  same  thing)  the  square  of  the  unit  of  length  divided  by 
the  square  of  the  unit  of  time. 

Let  us  moreover  determine  what  is  signified  bv  the  number 
c.  Let  us  imagine  the  entire  heat  communicateJ  applied  only 
to  the  augmentation  of  the  mean  value  of  the  vis  viva,  and 

therefore  

rfQ=fZT, 

and  consequently,  according  to  equation  (7), 
dQ  =  Mc.dt. 

From  this  it  follows  that  c  denotes  the  true  heat-capacity — that 
is,  the  number  that  states  how  nmch  heat  the  unit  of  mass  re- 
quires in  order  that  the  temperature  may  be  raised  one 
degree. 

As  an  example,  the  application  of  equation  (8)  to  the  per- 
manent gases  may  serve.  In  these,  according  to  the  experi- 
ments of  Joule  and  Thomson,  the  specific  heat  at  constant 
volume  difl:ers  but  very  little  from  the  true  heat-capacity. 
Therefore,  if  Y  is  the  volume  of  the  body,  v  its  specific  volume, 
c  the  specific  heat  at  constant  volume  referred  to  the  unit  of 


Qiia^xtities  oceurnng  in  the  Mecliamccd  Theory  of  Heat.     267 

mass,  and  7  the  specific  heat  at  constant  volume  referred  to 
the  unit  of  volume,  we  have 


-     V 

M 


c 
7=r; 

r 


hence 

M.c  =  V.7, 

and 

T 

V  .y 

Hydrogen,  ox;;t-gen,  nitrogen,  atmospheric  air,  and  carbonic 
oxide  are  permanent  gases ;  and  their  molecules  contain  the 
same  number  of  atoms.  Xow,  as  it  follows  from  Regnault's 
experiments  that  in  these  7,  independent  of  the  nature  of  the 
gas,  is  very  nearly  equal,  therefore  for  the  gases  mentioned 

g  +  f^T    ^^ 

fi  +  h    y' % 

Consequently,  when  it  is  said  that  the  temperature  of  two 
ga^es  {whose  molecules  cantain  the  same  number  of  atoms)  is 
equal,  this  much  is  meant — tliat  the  mean  value  of  the  xis  viva 
for  the  unit  of  volume,  in  the  course  of  a  complete  oscillation,  is 
equal  in  the  two  gases. 

Having  thus  fixed  the  d^mamic  signification  of  the  quanti- 
ties which  occur  in  the  Second  Proposition,  let  us  return  to 
the  equation 

If  we  divide  it  by  2T,  we  get 

diog(iT)='^; 

and  since  the  left  side  is  a  difierential,  the  right  side  must  alsa 
be  a  difierential.  If  we  designate  it  simply  by  f?S,  then  S  will 
signify  the  half  of  the  ''Entropy:'' 

d\og(if)=:d^. 

Integrating  this  equation,  and  designating  the  integrationH2on- 
stant  bv  log  Ci, 

e^ 

T 
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Were  the  function  S  and  the  constant  Cj  known,  the  dura- 
tion of  an  oscillation  could  be  calculated  from  this  formula. 
In  the  case  of  the  permanent  gases  wq  can  readily  determine 
S ;  for  we  know  that  with  these 

dq==M.c„.dt+M{c^-r,)(a  +  t)^^,  :  - 

and,  designating  the  ratio  of  the  two  specific  heats  hj  k, 

therefore  .  .  '. 

S.=  dS=icnog(Tr^-0. 
Hence,  for  permanent  gases, 

k-l 

where  Cg  denotes  the  constant  occurring  in  this  integration. 
Substituting  this  value  of  S  in  the  general  formula  of  the  os- 
cillation-period, and  putting  C  in  the  place  of  the  product  of 
the  constants  Cj  and  Cj,  we  get 


-VS. 


Let  us  now  consider  two  gases  whose  molecules  contain  the 
same  number  of  atoms,  at  equal  tension  and  equal  tempera- 
ture. Let  p  and  pi  be  their  densities  under  normal  circum- 
stances, i  and  ("i  their  oscillation-periods ;  then  is 

If  we  refer  the  density  to  that  of  hydrogen  as  unit  and  take 
the  oscillation-period  of  hydrogen  as  the  time-unit,  then  is 


and 


Pi 


i=d      2  . 


With  gases  Avhose  molecules  consist  of  two  atoms  each, 
A- =  1-405,   ^=0-2025; 

therefore 

logi=-0-20251og(/. 


Oscillation- 

Density. 

period. 

1 

1 

IG 

0-5704 

1-1 

0-5860 

14-438 

0-5825 
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On  the  basis  of  this  equation  the  following  Table  was  calcu- 
lated :— 

Name  of  tlie  gas. 
Hydrogen  . 
Oxygen      .     . 
Kitrogen    . 
Atmospheric  air  . 

From  this  Table  it  is  seen  that  the  denser  gas  pulsates  more 
quickly,  the  less  dense  more  slowly ;  the  duration  of  an  oscil- 
lation is  nearly  twice  as  great  for  hydrogen  as  for  oxygen. 

Only  one  brief  remark  more.  If  it  is  true,  as  we  have  rea- 
sons for  assuming,  that  in  nature,  on  account  of  imperfect 
elasticity,  friction,  viscosity,  and  the  radiation  of  energy,  re- 
versible cyclical  processes  cannot  actually  take  place,  that  con- 
sequently 

dQ 


k 


Ka  +  t) 
is  ever  greater  than  nil,  then  must  also 

be  alwavs  o-reater  than  /(//.     In  other  words,  the  function 

A=2i"T, 

which  Maupertius  named  '^action,"  is  (with  respect  to  the 
source  of  the  energy  received)  absolutely  less  in  amount  at 
the  end  of  each  variation  than  at  its  commencement.  Hence 
the  h^'pothetic  proposition,  that  the  entropy  of  the  universe  is 
always  increasing  (Clausius),  can  also  be  expressed  thus : — 
The  action  oftlie  universe  is  continually  diminishing. 

XXXIV.  On  Picoline  and  its  Derivatives.  By  '\\'illiam  Ram- 
SAT,  PA.i^.,  Tutorial  Assistant  of  Chemistry  in  the  Glasgow 
University*. 

BASES  of  the  pyridine  series  have  been  formed  in  a  num- 
ber of  ditierent  ways.  Perkin  (Journ.  Chem.  Soc.  [2] 
vol.  iii.  p.  173)  prepared  pyridine  by  reducing  azodinaphthyl- 
diamine  with  tin  and  hydrochloric  acid.  It  was  found  as  a 
constant  product  along  with  naphthendiamine  and  naphthyl- 
amine,  but  only  in  small  quantity.  As  pyridine  has  a  formula 
exactly  half  of  that  of  naphthendiamine,  Cio  Hjo  X2,  it  is  pos- 
sible that  the  latter  sphts  up  into  two  molecules  of  pyridine. 
But  Perkin  was  unsuccessful  in  preparing  naphthendiamine 
from  pyridine. 

*  Comm\inicated  bv  the  Author. 
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Chapman  and  Smith  (Ann.  Chem.  Pharm.  Suppl.  vi.  p.  320) 
dehydratccl  amyl  nitrate  l)y  means  of  phosphoric  anhydride; 
and  thus  succeeded  in  obtaining  a  small  quantity  of  pyridine. 

C5HuN03=C,H5N  +  3H2  0.  ' 

Amyl  nitrate.     Picoline. 

Chms  found  picoline  among  the  decomposition-products  of 
the  distillation  of  acrolein  ammonia,  and  Bayer  {Ann.  Chem. 
Pharm.  vol.  civ.  p.  281)  prepared  collidine  by  an  analogous 
process,  viz.  by  submitting  aldehyde  ammonia  to  dry  distil- 
lation.    The  reactions  are  these  : — 

CfiHsNO       -     H2O     =     CbHtN. 
Acrolein  ammonia.  Picoline. 

2aH40         =  CiHeO   +      H2O. 
Acetic  aldehyde.  Crotonic 

aldehyde. 

QHisNO      -     H2O     =     CsHuN. 

Crotonic  aldehyde  Collidine. 

ammonia. 

Bayer  also  prepared  picoline  from  tribromallyl,  C3  H5  Brs, 
by  heating  it  with  alcoholic  ammonia ;  the  resulting  tribrom- 
allylamine  is  decomposed  by  fui-ther  heat : — 

2  C3  H5  Brs  +  NH3=  (C3  H4  Br)2  NH  +  4  HBr, 
and 

(C3H4Br)2NH=C6H7N  +  2HBr. 

Huber  (Ann.  Chem.  Pharm.  vol.  cxli.  p.  277)  obtained  pyri- 
denedicarbonic  acid  from  nicotine  by  oxidation  -with  chromic 
acid ;  and  from  the  pyridenedicarbonic  acid  p^Tidine  was 
prepared.  Weidel,  on  repeating  Huber's  experiment  by  drop- 
ping nicotine  into  fuming  nitric  acid,  evaporation,  and  forma- 
tion of  the  silver  salt,  which  was  then  decomposed  by  sulphu- 
retted hydrogen,  obtained  an  acid  of  the  formula  Cio  Hg  Nj  O3, 
which  yielded  pj-ridine  on  distillation  with  lime.  The  author 
draws  attention  to  the  fact  that  his  analyses,  with  exception  of 
the  nitrogen-determination,  gives  results  which  agree  equally 
well  with  the  formula  Cc  H^  N  .  CO  OH  ;  the  analyses  of  the 
compounds  which  the  acid  formed  with  hydrochloric,  hydro- 
bromic,  nitric  acid  kc.  also  gave  numbers  agreeing  with  that 
formula.  The  author  states  that  bromine  acts  on  the  acid 
thus ; 

Cio  H.  N2  O3  +  Ho  0  +  Br = C5  Hg  NHBr  +  3  CHBra 
+  2C02  +  N  +  HBr. 

Weidel  oxidized  nicotine  with  chromic  anhydride;  pyri- 
denedicarbonic acid  was  not  fomied,  but  nicotinic  acid ;  he 
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found  that  when  the  latter  acid  is  decomposed  into  pyridene, 
nitrogen  is  evolved,  and  not  carbonic  anhydride. 

Dewar  suggested  that  pyridine  might  possibly  be  oL-tained 
by  the  mutual  action  of  acetylene  and  hydrocyanic  acid  on 
each  other  at  a  high  temperature.  The  equation  by  which  the 
reaction  is  expressed  is  this : — 

2C2H2  +  HCN=C5H5N. 

A  gas-holder  of  acetylene  was  prepared  by  burning  air  in 
coal-gas ;  and  from  this  acetylene  the  silver  compound  was 
formed,  so  as  to  ensure  its  purity.  The  silver  compound  was 
decomposed  with  hydrochloric  acid,  and  the  acetylene,  after 
being  washed,  was  passed  through  strong  hydrocyanic  acid, 
and  then  through  a  bright-red-hot  iron  tube,  the  other  end  of 
Avhich  connnunicated  with  a  Liebig's  condenser.  Only  about 
2  cubic  centimetres  of  distillate  Avere  obtained.  Hydrochloric 
acid  Avas  added,  and  the  liquid  was  evaporated  to  dryness  on  a 
water-bath  ;  benzol  was  apparently  evolved,  as  far  as  could  be 
judged  by  the  smell.  Sodium  hydrate  was  added  to  the 
residue,  when  a  few  drops  of  an  oily  liquid  separated  smelling 
strongly  of  pyridine ;  unfortunately  too  little  was  obtained  to 
admit  of  confirmation ;  but  the  extremely  characteristic  smell 
of  the  base  leaves  no  doubt  that  one  of  the  series  vras  actually 
formed.     I  propose  to  repeat  this  experiment  on  a  larger  scale. 

Salts  of  Picoline. 

Picoline  hydrochloride,  described  by  Anderson,  is  a  white 
extremely  deliquescent  crystalline  salt,  and  melts  at  160°.  It 
is  best  prepared  by  neutralizing  picoline  with  hydrochloric 
acid,  and  distillation,  after  evaporation  to  dryness. 

Picoline  hydrohronnde  may  be  obtained  in  the  same  manner 
as  the  hydi'ochloride,  but  is  more  easily  prepared  by  cautiously 
adding  bromine  to  picoline  and  distilling  the  resulting  oil.  I 
shall  consider  the  action  of  bromine  on  picoline  in  a  subse- 
quent part  of  this  memoir.  Picoline  hydrobromide  melts  at 
187° ;  and  its  boiling-point  is  considerably  above  that  of  the 
chloride,  and  also  above  the  range  of  a  mercurial  thermometer. 
It  is  a  white  crystalline  mass,  and  also  deliquesces,  but  not 
so  readily  as  the  chloride.  Both  the  chloride  and  bromide 
may  be  obtxained  in  feathery  crystals  by  using  impure  picoline 
as  a  solvent. 

Picoline  hydriodide  cannot  be  prepared  by  distilling  a  mix- 
ture of  the  base  with  hy dried ic  acid  ;  for  picoline  is  liberated, 
and  the  hydriodic  acid  decomposes,  yielding  a  compound 
which  will  be  afterwards  described. 

Action  of  Chlorine   on  Picoline  Hydrochloride. — Picoline 
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liydroc'liloricle  appears  to  absorl)  cliloriiie  wlicii  a  current  of 
that  oas  is  passed  over  it,  but  evolves  tlie  chlorine  on  exposure 
to  air.  No  apparent  change  is  produced  even  when  tlie  hydro- 
chloride is  strongly  heated  during  its  treatment  with  chlorine. 
Action  of  Bromine  on  Picoline  Jli/drohromide. — The  result 
of  treating  the  liydrobromide  with  l)r()mine  is  ditferent.  When 
bromine  is  added  to  a  solution  of  ilie  liydrobromide  in  water, 
a  mass  of  needles  is  formed  almost  instantaneously.  The  reac- 
tion takes  place  easily  if  a  strong  solution  of  picoline  hydi-o- 
bromide  bo  heated  witli  bromine  in  a  sealed  tube  to  190°  for 
an  hour.  The  yellowish-red  oil  which  at  first  sinks  to  the 
bottom,  dissolves  in  the  water  ;  and  on  cooling,  the  fluid  is  filled 
with  beautiful  golden  scales,  while  a  reddish-yellow  crvstalline 
mass  remains  at  the  bottom  of  the  tube,  consisting  of  excess  of  the 
compound  with  bromine  which  the  water  was  not  able  to  dis- 
solve. The  scales,  after  being  collected  and  dried  over  sul- 
phuric acid,  had  a  distinct  smell  of  bromine.  On  analysis  the 
following  numbers  were  obtained  : — • 

I.  0*3015  grm.  of  substance  gave  0"5043  grm.  of  AgBr=: 
71  "17  per  cent,  bromine. 

II.  0"3683  grm.  of  substance  gave  0'5725  grm.  of  AgBr, 
and  0'0088  grm.  of  Ag,  together  ecpial  to  68*04  per  cent, 
bromine. 

The  former  analysis  was  performed  with  freshly  prepared 
material ;  while  the  substance  analyzed  giving  the  results  of 
Xo.  II.  had  stood  over  sul})]iuric  acid  for  some  days,  and  had 
evidently  lost  bromine.  The  result  of  No.  I.  agrees  sulhci- 
ently  well  with  the  formula  C«  H7  N  .  Bro .  HBr,  which  demands 
71*85  per  cent,  of  bromine. 

When  the  dibromide  of  picoline  liydrobromide  is  heated  with 
water  in  an  open  vessel,  bromine  is  evolved ;  and  it  is  possible 
thus  to  remove  the  two  additive  atoms  of  bromine,  leaving  pure 
picoline  hydrobromide.  It  is  sparingly  soluble  in  water ;  and 
if  soda  or  potash  is  added  to  its  aqueous  solution,  picoline  is 
hberated  ;  if  the  alkaline  liquid  is  acidified,  the  bromine  com- 
pound appears  to  be  again  formed.  It  melts  at  about  85°; 
but  as  it  evolves  bromine  when  warmed,  the  exact  point  is  not 
easily  determined. 

Bromine  docs  not  act  su])stltutingly  on  picoline  liydrobro- 
mide ;  for  Gxen  after  heating  the  two  together  for  a  week  to 
180°,  no  hydrobromic  acid  was  evolved,  although  a  black  tarry 
mass  was  formed. 

Nicotine  forms  a  similar  additive  compound  Avitli  bromine  ; 
and  this  constitutes  an  additional  proof  that  there  is  some  con^ 
uexion  between  the  two  bases,  nicotine  and  picoline  or  pyridine. 

Action  of  Iodine  on  Picoline  Ilydrlodlde. — When  picoline 
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is  mixed  Avith  strong  aqueous  hydriodic  acid,  and  distilled  after 
excess  of  Avater  has  been  removed  by  evaporation,  the  tempe- 
rature rises  rapidly,  and  the  mass  turns  broAvn  and  viscid.  If 
the  distillation  be  continued,  picoline  distils  over,  and  the  re- 
sidue, when  cool,  solidifies  to  a  mass  of  reddish-brown  needles. 
These  needles  dissolve  in  alcohol  and  in  ether,  but  cannot  be 
recrystallized  Ironi  either  of  these  solvents  ;  they  are  insoluble 
in  carbon  disulphide.  When  brought  into  contact  with  water, 
they  melt  at  once  to  a  deep  brown  liquid.  On  analysis  this 
substance  was  found  to  have  the  formula  Cg  H7  N  .  L  .  HI, 
which  requires  80'21  per  cent.  I. 

0'4o00  grm.  gaveO"6o77  grm.  Agl=  80*14  per  cent.  I. 

The  crystals  were  analyzed  by  dissolving  them  in  alcohol 
and  converting  the  additive  iodine  into  hydriodic  acid  by  sul- 
phurous anhydride.  The  melting-point  of  the  diiodide  of  pico- 
line hydriodide  is  79°.  Before  the  method  of  preparation 
which  has  just  been  described  had  been  discovered,  an  attempt 
had  been  made  to  prepare  this  substance  (which  is  analogous 
to  the  bromine  compound)  by  heating  picoline  with  hydriodic 
acid  and  iodine  in  a  sealed  tube  ;  but  no  signs  of  crystalliza- 
tion appeared,  even  when  the  resulting  dai'k  brown  liquid  was 
cooled  to  0°.  As  the  compound  turns  liquid  when  brought 
into  contact  with  water,  this  behaviour  is  explained. 

Actioji  of  Chlorine  on  Picoline. — When  chlorine  is  passed 
into  picoline,  the  phenomena  described  by  Anderson  are  seen. 
The  picoline  becomes  filled  with  a  v.hite  flocculent  precipitate  ; 
and  soon  a  violent  action  ensues  with  great  evolution  of  heat, 
and  the  whole  mass  is  transformed  into  a  brown  resin  which 
does  not  admit  of  purification.  If,  however,  the  picoline  be 
poured,  in  small  quantity  at  a  time,  into  a  capacious  flask 
filled  with  diy  chlorine  and  kept  cool,  the  fonnation  of  the 
resin  is  avoided,  and  an  oily  liquid  is  formed,  which  partially 
crystallizes  on  cooling  ;  on  addition  of  water  it  is  changed  to 
a  white  powder.  This  powder  was  collected  on  a  filter,  washed 
with  cold  water,  in  which  it  is  very  slightly  soluble,  and  dried 
over  sulphuric  acid.  It  agreed  in  properties  with  the  analo- 
gous compound  obtained  from  pyridine  by  Anderson.  It  has 
a  smeU  closely  resembling  that  of  bleaching-powder,  and 
turned  broA\ii  on  application  of  heat.  Anderson  believed  it  to 
be  the  hydrochloride  of  trichloropicoline,  Cg  H4CI3  N  .  HCl,  and 
apparently  obtained  concordant  numbers  on  analysis.  He 
states  that  it  turned  brown  when  heated  to  100°,  and  lost  hy- 
drochloric acid,  leaving  trichloropicoline. 

This  substance  was  analyzed  by  combustion  with  lead  chro- 
mate,  as  the  formula  given  by  Anderson  did  not  appear  satis- 
factory. 

Phil,  Mag,  S.  5.  Vol.  2.  No.  11.  Oct.  1870.  T 


274         Dr.  W.  Ramsay  on  Picoline  and  its  Derivatives. 

I.  0-3915  grm.  of  substance  gave  0*3696  grm.  COa  and 
O-lOOi;  <,n-in.  H,  0. 

II.  ()-2!»91  <rrm.  of  substance  gave  0-2782  grm.  of  COj  and 
0-07()2  grm.  of  Ho  O. 

III.  U-2900  grm.  of  substance  gave  0-2801  grm.  of  COaand 
0-0798  grm.  of  Hj  0. 

IV.  0-3489  grm.  of  substance  gave,  on  combustion  with 
soda-lime  and  ignition  of  the  platinum-salt,  0-1382  grm.  of  Pt. 

V.  0-2676  grm.  of  substance  gave  0-5327  grm.  of  AgCl. 
YI.  0-3230  grm.  of  substance  gave  0-6410  gnu.  of  AgCl. 

I.  II.  III.  IV.  V.  VI. 

26-34 
3-05 

5-63 

49-25        49-09 


c  . 

25-74         25-36 

H  . 

2-85          2-83 

N  . 

CI. 

Mean. 

C     .  25-81 

H    .     2-91 

N    .     5-63 

CI    .  49-17 

Calculated  for 

Calculated  for 

C.H.CljN.HOl. 

CeHe(0Cl)3N.HCl 

30-90 

25-44 

2-14 

2-47 

6-01 

4-94 

60-94 

50-17 

83-52  99-99 

0,  by  difference  16-48  16-96 

100-00  99-98 

Another  chlorine-estimation  gave  50-57  per  cent,  of  chlorine ; 
a  different  preparation  was  used.     Taking  the  number  of  carbon 
atoms  as  6,  the  numbers  found  stand  to  each  other  in  the  ratio 
of  Cg  Hg.i  Ni.i  CI3.85  Os-sT.     As  the  substance  smells  like  hypo- 
chlorous  acid,  and  as  it  is  evidently  produced  by  the  action  of 
water  on  the  crystals  or  on  the  oil,  which  are  the  first  products 
of  the  action  of  chlorine  on  picoline,  it  may  possiblv  contain  the 
group  (OCl),  and  might  have  the  formula  Cg  HgCOCOs  N .  HCl, 
A  gas  is  evolved  in  small  quantity  when  the  oil  is  brought  into 
contact  with  water,  which  appears  to  be  chlorine.     The  num- 
bers do  not  agree  at  all  well ;  and  I  should  have  investigated 
the  compound  more  minutely  had  it  not  been  for  the  great 
waste  of  picoline  in  its  preparation.     From  0-5  grm.  of  pico- 
line 0-041  grm.  of  the  white  compound  was  obtained  ;  and  the 
filtrate,  which  contained  chiefly  picoline  hydrochloride,  yielded 
on    evaporation    and    precipitation    with    platinum    chloride 
0-7582  grm.  of  impure  picoline  platinochloride,  correspond- 
ing to  0-3290  grm.  of  the  hydrochloride.      I  believe  that  a 
more  complicated  action  takes  })lace  when  water  is  added  to 
the  product  of  the  action  of  chlorine  on  picoline  than  a  mere 
precipitation  of  the  white  poAvder.       The  white  powder   is 
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sparingly  soluble  in  water,  and  communicates  to  it  the  taste 
of  a  hypochlorite  ;  it  dissolves  in  alcohol,  and  in  glacial  acetic 
acid,  and  is  precipitated  on  addition  of  water.  When  distilled 
with  soda-lime,  ammonia  and  hydrogen  are  evolved,  and  no 
carbonaceous  residue  is  left  in  the  tube.  As  the  chlorine 
compound  evolved  a  peculiar  smell  when  distilled  with  water, 
an  attempt  was  made  to  obtain  some  decomposition-products 
which  might  lead  to  a  better  knowledge  of  its  constitution. 
Ether  extracted  from  the  distillate  a  few  oily  drops  having  a 
very  pungent  smell  ;  by  far  the  greater  part  of  the  chlorine 
compound  turned  to  a  resin,  which  yielded  no  promising  re- 
sults on  attempted  purification.  This  oil  also  is  formed  when 
the  chlorine  compound  is  distilled  with  soda,  but  not  appa- 
rently in  greater  quantity.  The  chlorine  compound  is 
reconverted  into  picoline  hydrochloride  by  treatment  with 
tin  and  hydrochloric  acid. 

Action  of  Bromine  on  Picoline. — When  bromine  is  added 
to  picoline  or  when  picoline  is  exposed  to  the  action  of  bromine 
vapour,  it  is  transformed  into  a  dark  brown  resinous-looking 
substance.  If  this  product  is  distilled,  pure  picoline  hydro- 
bromide  comes  over.  The  products  formed  are  probably 
picoline  hydrobromide,  and  an  analogous  compound  to  that 
formed  by  the  action  of  chlorine  on  picoline  ;  more  bromine 
adds  on  to  the  hydrobromide  and  foi-nis  a  dibromide  of  that 
salt ;  and  direct  union  also  probably  takes  place  between  the 
picoline  and  bromine,  forming  a  compound  which  was  obtained 
in  a  pure  state  by  treating  picoline  ■with  a  solution  of  bromine 
in  chloroform  ;  the  chloroform  was  removed  by  evaporation 
in  vacuo.  A  substance  which  crystallized  in  small  interlaced 
needles  was  deposited.  It  had  a  faint  smell  of  bromine,  and 
on  analysis  was  found  to  have  the  formula  Cg  H;  N  .  Br2. 

0'25o5  orni.  of  substance  oave  0*3523  smi.  of  Ag  Br 
and  0*0048  grm.  of  Ag,  together  equal  to  0*1534  grm.  of 
Br,  or  60*51  percent.  Theory  demands  03*24  per  cent. ;  but 
bromine  was  evidently  lost  on  exposure  to  air. 

A  sunilar  compound  was  formed  by  acting  on  picoline  Avith 
a  solution  of  iodine  monochloride  in  chloroform  ;  the  liquid 
grew  warm,  and  a  direct  addition-product  was  formed.  On 
evaporation  of  the  chloroform  in  a  vacuum  in  presence  of 
caustic  soda  and  sulphuric  acid  to  prevent  moisture,  and  to 
absorb  chlorine,  long  yellow  needles  were  deposited.  An 
estimation  of  chlorine  and  iodine  gave  the  following  results  : — 
0*3044  grm.  of  substance  gave  0*4488  grm.  of  Ag  CI  +  Ag  I, 
which  on  reduction  yielded  0*2565  grm.  of  Ag. 

I  =  49*83  per  cent.  CI  =  13*63  per  cent.  TheoiT  for 
Ce  H;  X  .  ICl,  1  =  49*70  per  cent.     CI  =  13*89  per  cent,  ' 

T2 
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There  can  be  no  doubt  that  these  bodies  are  direct  addition- 
products  ;  lor,  besides  the  fact  of  their  evolving  ])icoline  when 
treated  with  potash,  the  bromine  compound  when  lieated  de- 
composes violently,  and  changes  to  a  resin.  Tins  would  not 
have  hapi)ened  luid  the  bromine  acted  on  })icoline  liydrobro- 
mide  and  not  on  picoline. 

Such,  then,  are  the  results  of  the  action  of  the  halogens  on 
picoline.  They  appear  to  form  four  distinct  products  : — (1)  a 
direct  addition  compound  containing  picoline  ])lus  two  atoms 
of  halogen  ;  (2)  a  substitution  compound  which  undergoes 
alteration  when  brought  into  contact  with  water  ;  (3)  a  salt  of 
the  ludogen  acid  ;  and  (4)  an  addition-])roduet  containing  two 
atoms  of  the  ludogen  coni1)ined  with  the  haloid  salt.  Most 
probably,  Avhen  chlorine  or  bromiiie  acts  on  picoline,  all  fotn* 
are  formed,  besides  a  resin  resulting  from  some  deeper  action. 
If  the  resin  be  warmed  in  an  atmos[)here  of  chlorine,  it  becomes 
lighter  in  colour,  refuses  to  dissolve  in  water,  and  smells 
strongly  of  chlorine  ;  I  have  not,  however,  examined  the 
product. 

I  shall  now  describe  a  few  of  the  salts  of  picoline  which  have 
not  previously  been  prepared. 

Fcvrociianide. — Picoline,  treated  with  an  aqueous  solution 
of  hydroferrocyanic  acid,  de2J0sited  after  some  weeks  crystals 
of  a  compound  which  was  probably  the  fei'rocyanide  ;  but  a 
large  amount  of  a  blue  precipitate  was  also  formed. 

Flatinocyanide. — This  beautiful  salt  was  prepared  by  treat- 
ing picoline  with  the  calculated  amount  of  hydrojilatinocyanic 
acid,  and  evaporating  the  solution  over  sulphm-ic  acid.  It 
crystallizes  in  pale  yellow  transparent  crystals,  apparently 
rhomboidal.     It  was  analyzed  with  the  following  result  : — 

0-5028  at  120°  lost  0-(J()28  =  12-50  per  cent.  Hg  0,  and  on 
ignition  gave  0'1770  grm.  of  Pt  =  35-20  ])er  cent. 

Calculated  for  Pt  (UN),,  2 HON .  2  C,  Hj  N  .  +4  Hj  0, 

H20  =  12-83  per  cent.,  Pt  =  35-11  per  cent. 

On  recrystallization  from  a  hot  solution,  needles  were  de- 
posited which  appear  to  contain  a  different  amount  of  water 
of  crystallization ;  the  platinum  found  (34*3  per  cent.)  cor- 
responds to  a  salt  containing  5  H2O,  which  demands  34-02  per 
cent,  of  Pt. 

1  part  of  picoline  platinocyanide  dissolves  in  83  parts  of 
water  at  10°. 

Tartrate. — Two  molecules  of  picoline  were  mixed  with  one 
molecule  of  tartaric  acid,  and  the  solution  was  allowed  to 
evaporate  over  sulphuric  acid  ;  after  a  week,  long  white 
needles  were  formed,  which  smelled  faintly  of  picoline.     Tliey 
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were  analyzed  by  distillation  "svitli  a  solution  of  sodium 
hydrate,  the  picoline  being  received  in  hydrochloric  acid  and 
estimated  as  platinochloride. 

0*5500  grm.  gave  0*314  grm.  of  platinum  =  0*3015  grm. 
of  picoline,  or  5J:"81  per  cent.  The  formula  C^  Hy  Og .  2  Cg 
H7  N  requires  55'35  per  cent. 

With  citric  acid  picoline  forms  an  uucrystallizable  syrup. 
It  refuses  to  combine  with  acetic  or  formic  acid ;  and  an  attempt 
to  prepare  a  chromate  was  also  unsuccessful.  The  plcosphate 
is  a  crystalline  mass  which  rapidly  absorbs  water.  The  cJdorate 
formed  diamond-shaped  crystals  of  extreme  thinness.  It  ex- 
plodes when  heated  ;  it  was  prepared  by  neutralizing  the  free 
acid  with  picoline,  and  is  sparingly  soluble  in  water. 

Picoline  mercuric  chloride,  Cg  II7  N  .  Hg  CI2,  is  precipitated 
as  a  white  powder  by  adding  picoline  to  a  solution  of  mercuric 
chloride.  It  is  sparingly  soluble  in  cold,  but  dissolves  more 
easily  in  hot  water,  from  which  it  crystallizes  in  needles.  It 
is  more  soluble  in  alcohol,  and  crystallizes  from  that  solvent 
in  plates.  On  analysis  75*6  and  7G*1  per  cent,  of  mercury 
were  found  instead  of  71-27,  demanded  by  theory.  This  com- 
pound is  not  acted  on  by  chlorine. 

Compounds  of  Picoline  with  the  Haloid  Compounds  of  Alcohol 
and  Acid  Radicals. 

1.  With  Alcohol  Radicals.  Picoline  2Iethjl  Salts. — Equal 
volumes  of  picoline  and  methyl  iodide  were  mixed  in  a  tube, 
w'hich  was  tightly  corked  and  allowed  to  stand  for  some  time. 
The  mixture  became  turbid  and  grew  very  warm,  and  partially 
solidified.  As  soon  as  the  tube  was  cold,  the  excess  of  methyl 
iodide  was  distilled  off,  and  the  solid  residue  dried  between 
folds  of  bibulous  paper  and  recrystallized  from  alcohol,  in  which 
it  is  moderately  soluble.  It  crystallized  in  long  v»-hite  needles. 
Picoline  methvl  iodide  is  slightly  deliquescent,  and  melts  at 
226-5-227°  (uncorr.). 

The  methyl  chloride  was  prepared  from  the  methyl  iodide 
by  boiling  an  aqueous  solution  of  the  latter  with  silver  chloride. 
On  evaporation  on  the  water-bath  it  formed  a  syrup,  which 
soon  solidified  to  a  crystalline  mass.  It  is  extremely  deli- 
quescent, and  becomes  moist  after  exposure  to  air  for  a  few 
seconds.  It  crystallizes  from  alcohol  in  needles.  The  plati- 
num salt  ci-ystallizes  in  small  cubes. 

0*1583  grm.  of  the  platinum  salt  gave  0*0481  grm.  of 
])latinum  =  30-38  percent,  of  Pt. 

Theory  for  (C,  H,  X  .  CH3  CI).  Pt  CI4,  30*33  per  cent. 

The  methyl  nitrate,  prepared  from  the  methyl  iodide  bv 
addiiiou  of  silver  nitrate,  crystallizes  in  long  transparent  prisms, 
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which  may  easily  he  ohtained  some  inches  loiin;.  It  is  sh^rhtly 
doliciue.scent,  and  deflagrates  -wlion  heated,  Icavinjuj  a  bulky 
residue  of  charcoal,  and  evolvinn;  a  smell  of  dipyi'idine  com- 
pounds. 

The  mctliijl  sulphate  crystallizes  with  difliculty. 
The  methyl  hydrate,  prepared  from  the  methyl  iodide  with 
moist  silver  oxide,  is  colourless  at  first,  but  soon  turns  <Treenish 
red.     Its  properties  are  analogous  to  those  of  the  ethyl  hjalratc 
described  by  Anderson.     It  is  decolorized  by  chlorine  ;  but  no 
definite  compound  could  be  obtained.      Anderson  stated  that 
the  hydrate  of  ethyl  picoline,  Avhen  boiled,  evolved  ethylamine  ; 
the  distillate  from  an  aqueous  solution  of  about  5  grms.  of  the 
methyl  hydrate   had  a  peculiar  smell  resembling  leeks,  but 
yielded  an  unweighably  small  amount  of  platinum  salt ;  so  that 
no  reliable   results  could  bo   obtained  on  igniting  it.      The 
residue  from  the  distillation  was  eva})orated  to  dryness  on  the 
water-bath,  and  assumed  a  bright  red  colour  Avhen  dry.      It 
had  a  putrid  smell  ;  and  when  lieated,  picoline  was   evolved, 
leaving  a  bulky  charcoal.      If  it  is  gently  heated  over  an 
argand  lamp,  it  turns  green  and  iridescent,  and  dissolves  in 
water  with  a  dull  red  colour.      If  bromine  is  added  to  an 
aqueous  solution  of  the  hydrate,  a  resinous  precipitate  is  formed, 
which  dissolves  in  alcoholic  ammonia  with  a  tolerably  bright 
red  colour.     The  red  colouriup-matter  is  insoluble  in  ether. 

Diiodlde  of  incoline  methyl  iodide. — This  compound  was 
prepared  by  dissolving  iodine  in  an  alcoholic  solution  of  the 
methyl  iodide,  and  crystallizes  out  on  cooling  in  beautiful 
bluish-black  feathery  plates  which  transmit  red  light.  It 
melts  at  129°.  After  it  had  been  recrystallized  from  hot 
alcohol,  it  was  analyzed  by  decomposing  its  solution  in  alcohol 
with  sulphurous  anhydride. 

I.  0'2902  grm.  of  the  substance  gave  0'4164  ^vm,  of 
Ag  1  =  77*54  per  cent,  of  iodine. 

II.  0*30G6  grm.  of  the  substance  gave  0*4459  grra.  of 
Ag  1=  78*59  per  cent,  of  iodine  ;  Cg  H^  N  (C  Hg  I)  I2  requires 
77*91  per  cent,  of  iodine. 

Tlie  diiodide  of  picoline  methyl  iodide  is  analogous  to  the 
diiodide  of  the  hydriodide.  It  is  soluble  in  alcohol  and  ether, 
very  sparingly  in  carbon  disulphide,  and  insoluble  in  water. 
Metallic  mercury  removes  the  two  additive  atoms  of  iodine, 
^^'ith  formation  of  mercurous  iodide. 

Picoline  ethyl  iodide  has  been  described  by  Anderson.  There 
is,  however,  one  reaction  which  has  not  before  been  noticed  : 
if  the  ethyl  hydrate  be  treated  first  with  bromine  and  then 
with  ammonia,  a  brilliant  purple  colour  is  ])roduced,  which 
rapidly  fades.  I  may  add  that  I  failed  to  find  ethylamine 
among  the  decomposition  products  of  the  ethyl  hydrate. 
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Picoline  ethene  bromide. — When  picoline  is  mixed  Avitli 
ethene  bromide,  no  reaction  takes  place  till  beat  is  a25plied. 
Tbe  mixture  then  deposits  a  brown  oil,  which  it  is  impossible 
to  purify.  After  standing  for  some  months,  however,  it  de- 
posited some  crystals,  which  were  separated  and  repeatedly 
boiled  -vvith  animal  charcoal,  and  recrvstallized  fi'om  alcohol. 
They  are  small  hard  prisms,  and  melt  at  about  276°  vdxh 
decomposition.  The  chloride  crystallizes  from  alcohol  in 
needles. 

Picoline  alhjl  compounds. — A  mixture  of  allyl  iodide  *  and 
picoline  soon  becomes  turbid  and  deposits  oily  drops,  which 
do  not  solidify  at  0°.  All  the  picoline  allyl  compounds  (of 
which  the  iodide,  chloride,  nitrate,  sulphate,  and  oxalate  were 
made)  are  sirupy  liquids.  The  platinochloride  is,  as  usual, 
crystalline.  Xo  diiodide  of  the  hydi'iodide  was  obtained  ;  for 
if  equivalent  quantities  of  iodine  and  picoline  allyl  iodide  are 
dissolved  in  alcohol,  an  oil  is  formed,  from  which  carbon  di- 
sulphide  does  not  extract  the  iodine  ;  nor  does  the  oil  dissolve 
n  carbon  disulphide.  No  chlorine  addition-product  to  the 
allyl  chloride  could  be  obtained.  The  platinum  salt  appears 
to  be  less  soluble  in  water  than  in  alcohol.  The  platinum  was 
determined  with  the  following  results  : — 

0"2666  grm.  of  the  platinum  salt  gave  0"0788  grm.  of 
Pt  =  29-55  per  cent. 

Theory  for  {C6HjN(C3  H^  Cl)}2  Pt  Cl^,  29-12  per  cent. 

Picoline  allyl  hydrate  is  more  stable  than  the  ethyl  or 
methyl  hydrate.  It  may  be  concentrated  to  a  small  bulk 
without  becoming  discoloured,  but  when  nearly  dry  it  de- 
composes and  turns  red.  If  it  is  gently  heated  it  becomes  iri- 
descent, and  then  dissolves  in  alcohol  and  in  ether  with  a 
magnificent  purple  colour,  which  may  be  communicated  to 
ailk  and  is  apparently  fast  ;  it  is,  however,  destroyed  by  acids, 
or  by  reducing  agents.  It  appears  to  be  an  oxidation-product 
of  the  hydrate. 

2.  Compounds  of  Picoline  ivitli  Add  Ch.loi'ides.  Picoline  acetyl 
chloride. — If  acetyl  chloride  be  added  to  picoline,  the  whole 
mass  turns  brown  and  chars  from  the  ^^olence  of  the  action  ; 
but  when  dissolved  in  benzol,  a  white  precipitate  is  formed, 
which  quickly  becomes  pink,  and  finally  reddish  brown.  When 
both  substances  are  dissolved  in  cliloroform,  the  solution  is 
green    at  first,  then  red,  and   finally   reddish   brown.       On 

*  Tlie  allyl  iodide  was  prepared  from  phosphorus,  glycerine,  and 
iodine.  One  of  its  properties  is,  I  think,  worth  mentionintr. '  If  it  is  dis- 
tilled along  with  a  little  water,  the  mixture  boils  constantly  between  75'' 
and  77^,  whereas  each  separately  boils  at  about  100°.  After  it  was  dried 
over  calcium  chloride,  its  boiling-point  became  normal. 
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evaporation  in  a  Aacuuni  crystals  of  a  brownisli  colour  were 
deposited,  ■which  tleliquesccd  very  rapidly  on  exposure  to  air. 
After  they  had  stood  for  some  weeks  over  sulphuric  acid, 
the  chlorine  was  estimated. 

I.  U-1700  grm.  gave  0-1020  of  AgCl  =  22-42  per  cent,  of 
chlorine. 

II.  0-1070  grm.  gave  0-1038  of  Ag  01  =  22-13  per  cent,  of 
chlorine. 

Theory  for  C^  H;  N  .  Cg  H3  0  CI,  22*83  per  cent 

When  dissolved  in   water,  picoline  hydrochloride  and  free 

acetic  acid  were  formed. 

The  benzoyl  chloride  was  obtained  in  a  similar  manner  and 

possessed  similar  properties.     It  was  not  analyzed. 


It  may  perhaps  not  be  uninteresting  if  I  give  an  account 
of  some  attempts  made  to  decompose  picoline,  all  of  which, 
with  one  exception,  led  to  negative  results. 

Picoline  is  not  decomposed  by  potash  in  any  form.  lis 
vapour  may  be  passed  over  fused  caustic  potash,  or  it  may  be 
boiled  for  a  month  with  alcoholic  potash,  or  it  may  be  heated 
for  some  days  to  250°  with  alcoholic  potash,  Avithout  under- 
going the  slightest  decomposition.  This  clearly  proves  that 
it  has  not  the  nature  of  a  cyanide  or  of  a  carbamine. 

It  is  not  decomposed  by  a  cherry-red  heat,  even  in  presence 
of  lead  peroxide  or  of  lime.  It  may  be  distilled  through  a 
red-hot  gun-barrel  ten  or  twelve  times  without  any  deposition 
of  carbon,  and  the  picoline  which  distils  o^er  has  not  even 
a  yellow  colour. 

It  is  not  attacked,  at  the  temperature  of  boiling  sulphuric 
acid,  by  sulphuric  acid,  nor  by  a  mixture  of  strong  nitric  and 
sulphuric  acids. 

When  picoline  nitrate  is  heated  to  about  200°,  a  violent  de- 
composition ensues  ;  red  fumes  are  copiously  evolved,  and  the 
reaction  goes  on  of  its  own  accord.  Unchanged  picoline  distils 
over,  mixed  Anth  oxides  of  nitrogen  and  carl)onic  anhydride 
in  large  quantity  :  the  presence  of  the  latter  gas  was  proved 
by  its  precipitating  an  ammoniacal  solution  of  calcium  chloride. 
Thorough  decomposition  takes  place ;  for  nothing  but  picoline 
nitrate  is  left  in  the  retort ;  and  if  distilled  to  dryness,  a  small 
carbonaceous  residue  remains.  Anderson  states  that  pyridine 
nitrate  may  be  sublimed.  Picoline  is  evidently  more  easily 
oxidized  than  pyridine. 

Although  I  am  acquainted  with  Alder  Wright's  and  Dewar's 
attempts,  I  believe  it  is  j)remature  to  discuss  a  constitutional 
formula  for  picoline.      The  probabilities  appear  to  me  to  be 
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against  the  hypothesis  that  it  is  methyl  pyridine.  In  all 
methyl  compounds  with  which  avo  are  acquainted,  chlorine  is 
easily  introduced  in  place  of  the  hydrogen  of  the  methyl 
group  ;  and,  also,  the  methyl  group  is  usually  easily  oxidized 
to  a  carboxyl  group.  This  is  certainly  not  the  case  with 
picoline  ;  for,  as  Dewar  has  shown,  it  yields,  when  oxidized 
Avith  potassium  permanganate,  an  acid  which  he  named  dicarbo- 
pyridenic  acid,  in  which  two  atoms  of  hydrogen  are  replaced 
by  carboxyl  groups ;  and  pyridene,  in  f\ict,  is  easily  prepared 
from  it  by  distilling  it  with  lime.  Wright  supposes  that 
Dewar's  picoline  may  have  contained  lutidine,  and  that  the  acid 
may  have  resulted  from  the  oxidation  of  two  hypothetical 
methyl  groups  in  lutidine.  But  I  have  succeeded  in  preparing 
dicarbopyridenic  acid  (a  better  name  for  which  would  be 
pyridene  dicarbonic  acid)  by  a  process  similar  to  Dewar's ;  and 
I  find  that  from  9  grms.  of  picoline  about  5  grms.  of  dicarbo- 
pyridenic acid  are  obtained  ;  and  surely  that  is  a  proof  that 
all  the  acid  is  not  derived  from  lutidine.  I  have  already,  in 
the  course  of  some  preliminary  exjDerimeuts,  made  it  probable 
that  the  alcohol  and  aldehyde  of  this  acid  exist ;  and  I  hope  to 
be  able  to  transform  the  alcoholic  into  methyl  groups,  and  so 
produce  true  dimethyl  pyridine.  The  facts  elucidated  are 
these: — (1)  The  carbon  and  nitrogen  are  evidently  not  com- 
bined in  the  manner  in  which  they  exist  in  a  nitrile  or  in  a  carb- 
amine ;  otherwise  caustic  potash  would  produce  the  usual  de- 
composition. (2)  Picoline  does  not  contain  an  amido-group; 
for  not  only  does  it  refuse  to  yield  an  amido-comj^ound  with 
an  acid  chloride,  but  also  it  is  impossible  to  form  a  compound 
with  two  alcohol  radicals.  (3)  Picoline  has  the  capacitv  of 
uniting  loosely  with  two  atoms  of  a  halogen,  either  when  it  is 
free,  or  combined  with  an  acid,  or  with  an  alcoholic  bromide 
or  iodide.  This  probably  shows  that  it  is  an  unsaturated 
compound. 

I  propose  to  extend  my  researches  on  picoline  with  the  view 
of  ascertaining  its  real  constitution. 


XXXY.  On  a  new  Form  of  the  Reflective  Goniometer.  -By  W.  H, 
Miller,  M.A.,  F.R.S.,  Fellow  of  St.  Johis  College,  and 
Professor  of  Mineralogy  in  the  University  of  Cambridge*. 

AFTER  the  publication  of  a  description  of  Mitscherlich's 
Goniometer   {Berlin.  Ahhondl.   1843,  p.   189),  and  of 
those  employed  by  Babinet,  Haidinger,  v.  Lang  and  Schrauf 
an  account  of  any  other  modification  of  this  instrument  may 
appear  very  superfluous.      I  believe  nevertheless  that  it  is 
*  Communicated  by  the  Crystallometric  Association. 
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possible  to  eliminate  some  sources  of  error,  and  to  render  the 
observations  more  accnrate  than  with  the  other  reflective 
goniometers  in  ordinary  nso,  and  in  some  instances  to  obtain 
the  means  of  making  observations  otherwise  impracticable. 
Besides,  the  construction  of  the  new  form  is  simple,  and  does  not 
demand  any  great  nicety  of  workmanship,  except  of  course  in 
the  graduation  of  the  circle  and  verniers.  The  instrument,  made 
by  Messrs.  Troughton  and  8imms,  has  for  its  support  a  tripod 
Avith  levelling-serews,  carrying  a  fixed  disk  200  millims.  in 
diameter  and  5  millims.  thick,  tapped  for  screws  at  the  points 
T>,  E,  ¥,  G — by  which  sni)ports  for  the  vertical  mirror,  tele- 
scope, &c.  mentioned  later  on  can  be  attached  to  the  instrument, 
in  a  circle  concentric  with  the  disk,  having  a  radius  of  88 
millims.,  the  diameters  through  those  points  making  angles  of 
45°  and  32°  with  a  fixed  diameter  of  the  disk.  The  graduated 
circle,  also  200  millims.  in  diameter  and  8  millims.  thick,  is 
divided  on  its  edge  into  spaces  of  20'  each,  the  degrees  being 
numbered  up  to  300°,  is  read  off  to  20"  by  each  of  two 
verniers  H,  K  attached  to  the  circular  plate,  and  is  provided 
with  a  clamp  and  slow-motion  at  L.  It  is  ta})ped  for  screws 
at  the  points  M,  N,  0,  P  distant  90°  from  one  another,  and 
about  19  millims.  from  the  edge  of  the  circle.  A  circular 
disk  100  millims.  in  diameter,  and  8  millims.  thick,  is  tapped  for 
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screws  at  the  points  Q,  E,  S,  38,  13,  25  millims.  distant  from 
the  centre,  for  securing  the  crystal-holder  to  the  instrument 
in  a  convenient  position.      This  disk  is  capable  of  revohang 
round  a  pin  the  ends  of  which  enter  holes  in  the  centres  of 
the  disk  and  graduated  circle.     A  rectangular  piece  of  metal 
T  U,  liaA'iug  each  arm  95  millims.  long,  30  millims.  wide  and  5 
millims.  thick,  Avith  slits  the  width  of  which  is  very  little 
larger  than  the  diameter  of  the  screw,  can  be  securely  clamped 
to  the  disk  by  a  screw  passing  through  the  slit  in  the  hori- 
zontal arm.     A  bar  in  which  are  inserted  two  screws,  by  which 
it  can  be  secured  to  the  vortical  branch  of  T  U,  carries  at  its 
upper  end  the  ordinary  Wollaston's  branch,  to  which  the  crystal 
is  secured  by  a  cement  employed  by  Wollaston,  consisting  of 
beeswax  melted  with  a  little  olive-oil,  honey,  and  lampblack, 
and  stirred  while  cooling  to  prevent  the  separation  of  the 
components.      The  crystal  being  now  adjusted  above  every 
part  of  the  instrument,  about  195  millims.  above  the  plane  on 
which  it  rests,  is  brought  into  the  axis  by  making  T  U  slide 
and  revolve.     The  screw  being  now  tightened,   the  crystal 
revolves  with  the  circle  without  any  danger  of  the  small  anofu- 
lar  displacement  which  is  liable  to  occur,  according  to  Dauber 
(Poggendorifs  AnnaJen,  vol.  ciii.  1858,  p.  107),  in  the  best 
constructed  goniometers  when  the  circle  is  vertical  and  the 
adjustment  is  by  sliders  in  grooves  making  right  angles  with 
one  another.      This  method  of  bringing  the  crystal  into  the 
axis  of  the  circle  can  also  be  applied  with  advantage  to  the 
small  Wollaston's  goniometer. 

The  image  of  the  bright  signal  is  much  more  distinct  when 
the  incidence  is  as  direct  as  possible,  more  especially  Avhen  the 
face  under  observation  is  striated  or  partially  coated  with  any 
foreign  matter.  A  small  angle  of  incidence  is  hardly  obtain- 
able with  a  vertical  circle  or  Avith  a  horizontal  circle  in  most 
localities,  as  long  as  the  faint  signal  is  seen  directh'. 

Instead  of  employing  an  object  seen  directly  for  the  faint 
signal,  it  was  suggested  independently  by  A.  F.  E.  Deo-en 
(Poggendorffs  Atmalen,  vol.  xxvii.  1833,  p!  557)  and  E.  Sang 
(Edinb.  New  Phil.  Joum.  vol.  xxni.  1837,  p.  213)  that  the 
image  of  a  line  seen  by  retlexion  in  a  mirror  could  be  employed 
for  the  fiiint  signal.  They  failed,  however,  to  obtain  the  great- 
est advantage  from  the  emploAanent  of  the  mirror ;  for  though 
theoretically  correct,  this  is  practically  inconvenient,  because 
the  brightness  of  the  reflection  in  the"^  mirror  very  commonly 
extinguishes  the  reflected  image  in  the  face  of  the"  crystal.  A 
better  mode  of  procedure  is  to  place  a  screen  with  a  narrow 
vertical  slit  covered  on  the  side  furthest  from  the  obsener 
with  thin  paper,  making  at  the  crystal  an  angle  of  from  3°  to 
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5°  with  tlie  bright  signal,  and  adopting  the  image  of  this  in 
the  (lark  glass  mirror  W  for  the  faint  signal.  The  mirror, 
about  10  millims.  wide  and  .^0  miUiius.  high,  is  cemented  to  a 
thin  metal  plate  bent  so  as  to  make  an  angle  of  about  30°, 
■while  by  means  of  a  screw  tapped  in  the  other  jiart  it  can  bo 
fastened  to  the  upper  end  of  a  strip  of  brass  208  milliiiLs.  long, 
25  millims.  wide  and  3  millims.  thick,  having  slits  at  each  end 
to  receive  screws,  and  bent  at  right  angles  at  a  point  40  millims. 
from  the  lower  end. 

By  making  the  mirror  revolve  through  a  small  angle  round 
the  screw  which  fastens  it  to  its  support,  and  the  support 
round  the  scrc^^'  by  which  it  is  fastened  to  the  instrument, 
the  mirror  is  ca})able  of  suitable  ad  J  ustment.  A  second  mirror 
and  support  will  bo  found  useful,  the  two  mirrors  being 
attached  on  opposite  sides  of  a  vertical  plane  passing  through 
the  centre  of  the  instrument  and  the  source  of  light.  A  mean 
of  the  results  will  be  free  from  the  errors  depending  upon 
the  first  powers  of  the  eccentricity.  For  various  reasons  the 
accuracy  of  the  observation  increases  when  the  angle  of  inci- 
dence of  the  light  on  the  crystal  is  small.  This  angle  can  be 
easily  reduced  to  less  than  15°. 

The  accuracy  of  the  observations  is  undoubtedly  increased 
by  the  use  of  collimators  ;  they  also  allow  the  observation  to 
be  made  when  the  space  at  the  observer's  disposal  is  very 
limited.  They  may  have  ol)ject-glasses  of  from  20  millims. 
to  30  millims.  aperture  and  500  millims.  or  more  focal  length. 
The  two  colHmators  are  mounted  on  supports  having  each 
three  nearly  equidistant  notches,  so  that  one  resting  in  the 
middle  notch  of  each  support  may  have  its  axis  passing 
through  the  axis  of  the  goniometer  at  a  distance  of  132  millims. 
above  the  plane  of  the  graduated  circle  :  it  has  in  its  principal 
focus  a  vertical  adjustable  slit,  through  which  the  light  of  the 
sun  is  thrown  from  a  heliostat-mirror  in  the  direction  of  the 
axis  of  the  collimator.  It  is  sometimes  convenient  to  i)lace  a 
lens  in  front  of  the  slit  in  order  to  enlarge  the  emergent  pencil 
of  light.  The  other  collimator,  resting  in  either  pair  of  the  cor- 
responding notches,  may  have  its  axis  passing  nearly  through 
the  middle  of  the  dark  glass  mirror.  The  end  opi)osite  to  the 
object-glass  is  covered  with  a  plate  of  glass  ground  rough  on 
the  outer  surface,  and  covered  on  the  inner  surface  with  Indian 
ink  scratched  away  in  a  vertical  diamet(n-. 

When  the  crystal  is  large,  or  is  implanted  on  a  matrix  of 
some  considerable  weight,  it  is  obviously  impossible  to  secure 
and  adjust  it  on  the  ordinary  Wollaston's  branch.  In  such 
cases  it  is  fixed  in  a  sort  of  vice  having  three  parallel  claws, 
one  of  which  is  movable.      By  screwing   up  this   claw  the 
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crystal  is  secured,  and  then  adjusted  \>j  making  the  yice_  re- 
volve round  one  or  the  other  of  its  two  axes,  making  right 
angles  \riXh.  one  another.  Also  the  distance  between  the 
fiices  under  observation  may  be  greater  than  the  aperture  of 
the  small  t"le?cope.  The  dithculty  arising  from  this  circum- 
stance may  be  overcome  by  interposing  a  plate  of  glass 
mounted  so  as  to  be  adjustable  in  azimuth  and  zenith-distance, 
supported  by  a  stem  secm-ed  to  the  imder  plate  of  the  instru- 
ment. The  observation  is  made  by  bringing  the  image  of  A 
seen  by  reflexion  in  the  face  of  the  crystal  into  coincidence 
with  the  imao-e  of  the  sio-nal  B  seen  bv  reflexion  in  the  vertical 
plate  of  glass. 

A  small  telescope  having  a  power  of  about  3  may  be  applied, 
either  for  the  purpose  of  observing  T^-ith  gi'eater  precision  the 
coincidence  of  the  image  of  A,  as  seen  by  reflexion  in  a  face 
of  the  crystal,  with  the  signal  B  or  its  image,  or  of  bisecting 
the  reflected  image  of  signal  A  with  the  vertical  spider  line. 
The  telescope  is  attached  to  an  upright  support,  the  foot  of 
which  is  fastened  to  the  upper  surface  of  a  strip  of  brass  bent 
twice  at  right  angles  in  opposite  directions,  the  upper  surface 
of  the  brass  plate  being  in  the  plane  of  the  upper  surface  of 
the  graduated  circle,  and  secured  by  a  screw  to  the  under 
surface  of  the  base-plate. 

By  attaching  the  upright  stem  of  the  telescope  by  one  of 
the  screws  to  the  graduated  circle,  the  telescope  becomes  avail- 
able for  measuring  the  mininmm  deviation  of  a  ray  of  any 
colour  through  two  inclined  faces  of  a  crystal. 

The  best  bright  signal  is  the  light  of  the  sun  reflected  from 
the  mirror  of  a  heliostat  through  a  slit  so  adjustable  that  the 
middle  of  it  remains  fixed  in  space  while  its  diameter  admits 
of  being  varied.  An  image  of  the  sun  in  the  focus  of  a  lens 
of  about  30  millims.  focal  length,  formed  by  the  light  reflected 
from  a  plane  mirror,  is  sufficient  in  most  cases.  Much  inferior 
to  these  is  the  light  of  a  lamp  or  that  of  the  sky  reflected  by 
a  plane  mirror  through  a  small  opening  in  a  screen.  It  is  hardly 
necessary  to  remark  that  perfect  distinctness  of  vision  of  the 
signals,  which  should  be  equidistant  from  the  centre  of  the 
instrument  or  very  nearly  so,  is  essential  to  accuracy.  When 
the  eye  of  the  observer  is  not  adapted  to  the  distance  of  the 
signals,  the  use  of  a  Galileo's  telescope  of  low  power  will 
greatly  increase  the  accuracy  of  the  result. 
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XXXVI.  Memoir  on  the  tJiree  Types  of  Ilum'Ue. 
By  Professor  A.  Des  Cloiseaitx  f. 

SCACCIII  (Pogg.  Ann.  Ergilnzungsb.  iii.  1851)  and  voni 
R;itb  (Pogg.  Ann.  Ergiinzuiig.sb.  v.  1871)  liavo  referred 
tbo  diftl'ront  forms  of  Huniite  to  tbroo  typos  belonging  to  tbe 
ortborbombic  .system,  all  roduciblo  to  tbe  .same  elements.  An 
examination  of  tbe  optical  cbaracters,  bowever,  bas  led  me 
to  separate  tbe  tbree  tv'pos,  and  to  transfer  tbe  crystals  belong- 
ing to  types  II.  and  III.  to  tbe  clinorbombic  .system,  as  sbown 
in  tbe  following  pages. 

Type  I.  System  ortborbombic,  witb  a  prism-angle  of  130°  19'. 
a'.h:c::  907497: 420059  :  1849650. 


Scacclii's 
symbols. 

Svmbols  of 
Des  CI. 

Miller's 
symbols. 

Calculated 
angles. 

Obseryed 
angles. 
Scacchi. 

-  A:B 

P9^ 

001:100 

90    d 

90    d 

A:e 

fe^ 

001:205 

140  49 

140  47 

K-.e" 

■pe" 

001:102 

134  27 

134  30 

K:e^ 

pe^ 

00  1  :  203      126  21 

126  17 

A:c* 

pe^ 

0  0  1:101 

116    8 

116  13 

_  A :  c5 

001:201 

*103  47 

103  47 

r  A:i 

pa^ 

001:015 

138  38 

138  41 

A:C- 

pa^ 

001  :013 

*124  16 

124  16 

L  A :  P 

pal 

0  01:011 

102  48 

102  50 

[-  A:r 

phi 

001:1  15 

135  52 

135  48 

A:r2 

p  h- 

001: 1 14 

129  30 

129  32 

A:r^ 

3 

pb-^ 

0  0  1:113 

121  44 

121  44 

A:r» 

pb^ 

001:112 

112  24 

112  23 

A:r' 

pb^ 

001:111 

101  39 

101  41 

l_A:o, 

p  m 

001:100 

90    0 

90    0 

p  B:o 

9'9' 

100:310 

144  14 

144  11 

9' 9' 

1  00:210 

132  48 

L  B:o2 

9^  wt 

100:1  10 

114  50 

114  48 

L  A :  M- 

pc^ 

001:213 

116  34 

116  30 

Ph 

001  :21 1 

99  28 

99  28 

Pf 

001 :21C 

90    0 

90    OD. 

pli 

001:212 

108  26 

108  20  D. 

'^{  =  h'^h^gh)  and  g^  observed  by  vom  Eatb  and  myself. 
e^{  =  bH^g')  and  ei{  =  Uh^g^)  are  tbe  .r  and  ^  of  figure  227 
t  Communicated  by  the  Crvstallometric  As.?ociation. 
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of  my  '  Manual  of  Mineralogy.'  I  have  placed  the  obtuse 
angle  of  the  prism  in  front,  in  accordance  with  the  general 
usage  for  orthorhombic  prisms  ;  and  I  have  multiplied  the  old 
value  of  the  vertical  axis  by  ^  to  simplify  the  sjanbols. 

The  plane  of  the  optic  axes  is  parallel  to  the  base  ;  the  acute 
bisectrix  is  positive,  and  is  normal  to  h^{0  1  0).  Dispersion 
hardly  appreciable  in  oil,  p  <  v  (?).     2H« . ,  =  78°  18^  to  79°. 

The  laminae  parallel  to  h^  consist  of  plates  (of  greater  or  less 
extent)  in  which  the  extinction  of  the  light  is  complete.  These 
are  intersected  by  patches  of  irregular  form  in  which  tlie  ex- 
tinction is  imperfect,  and  which  probably  consist  of  Humite 
belonging  to  the  third  type.  These  probably  interfere  ^vith 
the  accurate  determination  of  the  chemical  composition  of 
crystals  of  the  first  type. 

Type  II.  YeUow  Humite  from  Vesuvius,  and  brown  chondro- 
dite  from  Sweden  (Kafveltorp). 

Oblique  ;  prism-angle  =  50°  2'  40''. 

h:a:c::  419122  :  907930  :  696136. 


Scacchi's 
symbols. 


Symbols  of 
Des  CI 


Miller's 
symbols. 


Calculated 
angles. 


Observed 
aiagles. 
Scacchi. 


r  A:C 


P9^ 
pe"- 


0  01:010 

001  :012 


90    0 
141  51 


90    0 

141  49Scacb. 
141  48  Des  CI- 


^  pointed  out  by  Scacchi ;  refound  by  vom  Rath 
and  myself  in  chondrodite. 


A:f 

A:e 
A:e' 


A:e2 
A:e2 
A  •.m, 
A:  w* 
k:n 
A:m» 


p^ 

001:011 

»122  29 

pa^ 

001:101 

136    0 

po^ 

001  :201 

135  56 

paS 

001:302 

119  56 

po^ 

001:601 

119  50 

oi  and  a^,  vom  Eath. 


1      pa^ 

001:201 

109    5 

ph' 

001:100 

*108  58 

pa^ 

001:312 

115     1 

pfS, 

001:311 

95  22 

py 

001:212 

125     5 

POi 

001:211 

125     2 

122  29 
135  58 
135  58 


108  58 
108  58 
115  0 
95  20 
125  5 
125  (nearly  )Des  CI. 


03  and  y  holohedral  in  Humite  (v.  Eath)  and  in 
chondrodite  (Des  CI.). 
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Table  {continued). 


Scacchi's 
symbols. 

Symbols  of 
DcsCl. 

1 
Miller's 
symbols. 

Calculated 
angles. 

Observed 

angles. 
Scacchi. 

A :  M^ 

1X^3 

001:2  11'     103   12 

103  12 

C :  »- 

ff'"3 

0  10:211      135  40 

135  41 

C :  M^' 

9'h' 

0  10:2  1  o'  »135  41 

135  41 

A:r 

pb'          00  1:T12      135  20 

135  18 

A:r' 

pd^         001:223      135  19 

136  (nearly  )De8  CI. 

1}  and  fZ*  lioloheJral  in  Humite  (v.  Ralli)  and  in 
cliondrodite  (Dos  CI.). 

ph^         00  1:223      125  52     i 
A:>2            pdh       |001:111      125  50     !     125  52 

h^  and  (/'^  hololicdral  in  Huniitc  (v.  Ratli). 

k:r^      1      ph-i          0  0  1:1111  l.'l  28     i     113  28 

1      ph"^          0  0  1:221      1 13  25     |     1 13  10  (nearly)D. 

h'  and  d*  liololiedral  in  Humite  (v.  Rath)  and  in  clion- 
drodite (Des  CI.). 
A:r»      1      pm         |00l:l  10|       98  12     |       98  18 

a.,^a={hH>*h^),  ^={hU>^h'),  r]  =  (h'b^hi)=:a,  =  {b'h^h')=p, 
of  which  a  part  =P,  are  shown  in  fig.  228  of  my  '  Manual.' 

The  plane  of  the  optic  axes  is  inclined  from  behind  forward 
(from  a}  towards  o^),  and  makes  an  angle  of  about  30°  with 
the  base.  In  cliondrodite  the  twdns  are  of  a  more  or  less  com- 
plex character,  and  consist  of  lamina?  twinned  parallel  to  the 
base,  which  extinguish  the  light  well.  The  laminaj  are  asso- 
ciated along  undulating  surfaces,  which  cannot  be  referred  to 
either  of  the  two  planes  adopted  by  Scacchi. 

The  accompanying  figure  shows  one  of  the  crystals  observed 


by  me. 

The  number  and  extent  of  the 
twin  lamina;  are  difterent  in  each 
specimen  ;  but  all  obey  the  same  law 
of  association. 

The  acute  bisectrix  is  positive 
and  normal  to  the  plane  of  sym- 
metry. 

2H„.,=  86°27^ 
2H„.6=8G°38';/3<r,  w^ak. 


^^>.A 
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Dispersion  tournanie  is  fairly  distinct,  AvLen  seen  in  oil, 
especially  in  pale  yellow  crystals.  Seven  thin  lamina?  of  a 
more  or  less  deep  reddish  brown  showed  the  dispersion  in  a 
manner  more  or  less  marked ;  and  the  separation  of  the  axes  in 
oil  varied  for  red  rays  from  86°  14'  to  87°  20'. 

Type  III.  Pale  yellow  and  white  Humite  from  Monte  Somma. 
Oblique,  with  a  prism-angle  of  90°  24^ 

i  :  a  :  c  :  :  419575  :  907720  :  G05135. 


Scacclii's 
symbols. 

1                    1 

Symbols  of    Miller's     ,    Calculateil 

Des  CI.     ;    symbols,    j       angles. 

Observed 
angles. 

i 

r  A:c 

[ 
py^           0  0  1  : 0  1  O!       90     0     " 

1 
90    (i 

A:i 

pe^          00  1:023 

136  38 

136  35 

A.r- 

pe"         1001:0  11 

#125  13 

125  13 

A:i3 

pe^          00  1:02  1 

109  26 

109  30 

pa^        '  00  1:405'     149  48 

po^           001:101       149  48 

0^  ai 

id  rt'  found  holohedral  (v.  Rath). 

A:e 

1 

pa'         lOOl  :T0  1       143  12  30 
po^          00  1:403      143  11     0 
n}  and  o"^  holohedral  (v.  Rath). 

143  15 

j       A :  e^ 

pa^          0  0  1:403 

133  40 

133  44     ! 

A:c2' 

po^          0  01:201 

133  40 

133  44 

K:c' 

pa^          001:201 

119  48 

119  50 

po^          00  1:40  1 

119  48 

0^  and  a-  holohedral  (v.  Rath) 

X:e* 

pa*        i  0 0  1  :  4  0  1 

100  49 

100  48 

|_  A :  e" 

p¥          001:100 

*100  48 

100  48 

A :  m 

pa.         !001:623 

114  55 

114  46 

A :  m- 

py            001:621 

92  58 

92  50 

A:« 

pe            0  0  1:212 

132  14 

132    7 

pe^           0  0  1:423 
^  and  e  holohedral 

132  12 
(v.  Rath). 

p\            00  1:423      122  57 
po,         ,00  1:2  11.     122  56 

I  and  03  holohedral  (v.  Rath). 

123     0 

K-n' 

pa^        1  00  1:2  11 

Ill   15 

111  18 

A : «»' 

pTT         iOOl  :421 

111  14 

HI  IS 

>•'  S           0  0  1:14  1 
f,  new  form  (v. 

105   10 

Rath). 
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Table  (continued). 


ScaccLi's 
symbols. 

Symbols  of 
Des  CI. 

Miller's 
symbols. 

Calculated 
angles. 

Observed 
angles. 

Aim* 

^  u 

001:421 

97  23 

0          1 

!»7  25 

A:«" 

ph? 

001:210 

97  23 

97  25 

A:r 

ph^ 

001  :112 

140  14 

140  20 

A:r2 

pdi 

001 :223 

136    0 

136     8 

A:r3 

pb^ 

00  1  :223 

131  23 

131  25 

A:r' 

pd-^ 

001:111 

125  47 

125  50 

0:r» 

cfd^ 

010:111 

137  25 

137  28 

A:r' 

ph^ 

0  01:111 

119  17 

119  20 

A:r« 

pd^ 

0  01:221 

111  49 

111  53 

Air-' 

ph'i 

0  0  1:221 

103  31 

103  37 

A:r« 

p.u 

001:110 

94  35 

94  28 

C:r» 

ff'm 

010:110 

«154  48 

154  48 

a,  y,  e,  \,  ('3=ti  posterior,  t\  =  Ti  anterior,  are  represented 
in  fig.  22d  of  my  '  Manual;'  ^,  e^,  03,  and  co  are  now  forms 
found  by  vom  Rath. 

Plane  of  the  optic  axes  inclined  /Vo/n  behind  forward,  making 
an  angle  with  the  base  of  about  11°.  Tlic  acute  bisectrix  is 
positive  and  normal  to  the  plane  of  s}-mmetry.  Dispersion  of 
the  axes  very  weak,  p  <  r.  Dispersion  tournante  hardly  appre- 
ciable in  the  most  homogeneous  plates. 

2H„.,=  84°  38'  to  85°  4'  in  white  crystals, 

SQ°  40'  to  87°  14'  in  a  yellow  crystal  from  Monte 
Somma. 

Internal  structure  more  or  less  complex,  formed  by  the  union 
parallel  to  the  base  of  twin  lamina)  (i^g^.  2  and  3).     These 


F/xf,3. 


Fir/.  4. 


;.y  ^  \ 

Jt% 

I    '^     \ 

/  .'    \ 

/<^^^^m 

\ 

\\\^'\.  / 

W'hLtt   crxista/s. 


YclLnu.-  ciustal 
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bands  extinguish  the  light  distinctly,  but  are  penetrated  by 
narrow  bandelets  which  do  not  extinguish  the  light,  and  which 
make  with  the  base  au  angle  of  about  60°,  and  appear  to  be 
parallel  to  the  faces  e^  =  at  One  yellow  crystal  (fig.  4),  very 
distinctly  twinned,  as  shown  by  its  very  decided  reentrant 
angles,  consists  of  five  individuals  united  in  the  interior  along 
perfectly  irregular  surfaces.  Each  of  the  members  of  this 
twin,  except  the  upper  small  one,  contains  both  bands  parallel 
to  p)  and  bandelets  parallel  to  a^  of  the  white  crystals. 

It  seems  to  me  that  "\ve  might  retain  the  name  Uumite  for  the 
orthorhombic  crystals  of  t}-pe  I.,  that  of  chondroclite  for  the 
clinorhombic  crystals  of  type  II.,  and  seek  a  name  for  the 
crystals  of  type  III. — clinohumite,  until  a  better  be  found. 
It  ousht,  however,  to  be  ascertained  if  all  the  crystals  from 
Sweden  and  from  America  belong  to  type  II.,  or  it  the  brown 
crystals  from  Kafveltorp  alone  belong  to  this  t^-pe,  while  the 
grey  or  bro\^^lish  ones  from  Ladugrufvan  and  Pargas  are  of 
ij^e  III.  (Edward  Dana  admits  the  last  two  types  in  Ame- 
rican crystals).  It  is,  however,  evident  that  there  is  a  close 
crystallographic  and  chemical  relationship  between  the  second 
aud  third  types,  and  that  they  differ  most  in  their  optical  pro- 
perties, although  "Websky  tries  to  show  a  chemical  chffereuce 
by  means  of  new  formulse,  which  I  declare  myself  incapable  of 
following.  This  point  will  be  understood  in  time  ;  but  what 
v.-as  important  was  to  establish  first  the  undoubted  facts,  and 
the  non-existence  of  three  t^-jies  of  one  and  the  same  species, 
which  had  always  seemed  to  me  an  extraordinary  thing, 
difficult  to  admit,  especially  in  presence  of  the  holohedrism  of 
the  one,  and  the  hemihedrism  of  the  two  others. 


XXXYII.  Note  on  Spherical  Harmonics.  By  J.  J.  Syltester, 
F.R.S.,  Professor  of  Mathematics  at  the  Johns  Hopkins 
University ,  Baltimore  *. 

IF  for  a  moment  we  confine  our  attention  to  so-called 
"  zonal "  harmonics,  and  affect  each  element  of  a  uniform 
spherical  shell  with  a  density  varying  as  the  product  of  two 
such  harmonics  of  unequal  degrees,  we  know  that  the  mass 
of  such  shell  is  zero.  A  very  slight  consideration  will  serve 
to  show  that  this  is  tantamount  to  affirming  that  if  a  given 
spherical  surface  be  charged  with  a  density  inversely  propor- 
tional to  the  product  of  the  distances  of  each  element  from 
two  fixed  internal  points  lying  in  the  same  radius  produced, 
then  the  mass  of  such  shell  will  be  a  complete  function  of  tliQ 

*  Commimicated  bv  the  Author. 
U2' 
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product  of  tlie  dislnnee.s  of  tlio  two  points  from  the  centre; 
and  in  fact,  if  avc  \vrite  (/S  for  an  element  of  a  s})horioal  sur- 
face, it  is  easy  to  find,  by  direct  integration,  that 


.ff 


fact  that  the  surface  \  \  -,,    ^,,,  wliere 


s/c' -2Lv  +  h-  Vc^ - 2fi.v  +  A'2 
for  the  entire  surface  is  proportional  to 

-l.log^!r^^. 

In  like  manner,  the  truth  of  the  more  general  theorem  rela- 
ting: to  tl'.e  surface-inteiiral  of  the  product  of  any  two  har- 
monies  of  unequal  degrees  involves,  and  is  involved  in,  the 

and  7i^  +  P  4- /■  and  A'- +  yL-'- + /^- are  each  less  or  each  greater 
than  the  square  of  the  radius  of  the  sphere,  is  not  merely  a 
function  (as  we  see  a  priori  from  the  symmetry  of  the  sphere 
nmst  be  the  case)  of  the  three  quantities 

h^  +  P  +  l-,     h''  +  k'-'  +  P,     hlt'  +  kk'  +  lU, 

but,  more  definitely,  is  a  complete  function  of  the  product  of 
two  of  them,  viz.  [K' +  1^' +  P){h'-' +  k'^ -vV),  and  of  the  third. 
In  other  words,  the  fundamental  law  of  spherical  harmonics  is 
exactly  tantamount  to  the  assertion  that  if  each  element  of  a 
sphere  is  charged  with  a  density  proportional  to  the  ])roduct 
of  its  distances  from  two  internal  or  two  external  points,  then 
the  mass  of  the  sphere  Avill  be  a  function  only  of  the  density  at 
the  centre  and  of  the  angle  subtended  at  the  centre  l)y  the  line 
joining  the  given  pair  of  points ;  or,  venturing  upon  an  irre- 
pressible neologism,  which  explains  its  own  meaning,  the  Bi- 
potentiaJ,  Avith  respect  to  a  given  uniform  sphere  at  any  point- 
pair,  is  a  function  only  of  the  Bipotential  thereat  with  respect  to 
a  unit  particle  at  the  centre,  and  of  the  angle  subtended  at  the 
centre  by  the  line  Joining  the  two  given  points.  Of  course, 
if  this  is  true  for  the  volume  of  the  sphere,  it  must  be  true  for 
any  shell  of  uniform  thickness,  or,  in  other  words,  for  the  surftice, 
and  vice  versa.  In  what  innnediately  follows  the  volume  of  a 
spherical  shell  is  to  be  understooil.  It  is,  I  think,  very  notice- 
able that  in  that  proof  no  process  whatever  of  integration  is 
employed ;  only  the  idea  implied  in  integration  is  employed  to 
acquire  the  ftict  that  the  integral  in  question  cannot  but  be  a 
function  of  three  parts  of  the  triangle,  of  which  the  centre  of 
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the  sphere  and  the  two  given  points  are  the  apices.  The  rest 
of  the  proof  follows  as  a  matter  of  purely  formal  or  alge- 
braical necessity  from  the  above  fact,  conjoined  vrith  that  of 
each  factor  under  the  sign  of  integration  being  subject  to 
Laplace's  equation.  In  this  feature  of  exemption  from  all  use 
of  integration  as  a  process,  this  proof,  I  believe,  stands  alone. 

It  is  further  remarkable  that  its  success  depends  on  the  pro- 
position being  stated  as  a  "whole ;  it  would  not  be  applicable, 
for  example,  to  the  simple  case,  taken  per  se,  treated  of  at  the 
beginning  of  this  paper.  It  is  by  no  means  uncommon  in  ma- 
thematical investigation  for  this  to  happen,  and  (as  regards  the 
exigencies  of  reasoning)  for  the  part  to  be  in  a  sense  greater 
than  the  Avhole — the  groundwork  of  this  wonder-striking  intel- 
lectual phenomenon  bemg  that,  for  mathematical  purj:»oses,  all 
quantities  and  relations  ought  to  be  considered  (so  experience 
teaches)  as  in  a  state  of  flux.  In  the  particular  case  before  us 
it  is  not  difficult  to  see  a  priori  why  the  general  proposition 
should  be  more  easily  demonstrable  tlian  anv  special  case  of  it, 
the  reason  being  that  more  information  as  to  the  form  of  the 
function  under  consideration  is  made  use  of  in  dealing  with  the 
general  than  in  dealmg  with  any  special  case. 

The  integral  under  consideration  is 


ilT: 


where 


Call 


E-  =.r  ^f^z''-mv-ihj--lh  +  A'-^  +  /•-  +  r^, 
R'-  =  .r^  +  f  +  ^  -  'ITi'x  -  21/ y  -  -IVz  +  h'-  +  k'''  +  V 


Then  ^^ ,  expanded  under  the  form  of  a  converging  series 
(.v,t/,  z  bemg  for  a  moment  regarded  as  constants),  will  be  of  the 
form  —  multiplied  bv  a  rational  function  of-,  4-,  4,  -r  and  of 

1    h'    J/    V 

y>  ^>  ^j  ^  ^^'lien  the  two  points  are  external,  and   (more 

shnply)  of  li,  k,  I  and  of  h',  I/,  V  when  they  are  both  internal. 
I,  we  know,  must  turn  out  to  be  a  complete  function  of  r,  .<;  t 
and,  when  expressed  in  the  form  of  a  series  derived  from' 
the  above  expansion,  Avill  be  the  sura  of  terms  of  the  form 
r\sf.  /*,  where  it  is  obvious  that  i  and  J  must  both  be  neo-ative 
when  the  "  pair-point "  is  exterior,  both  positive  v.hen  it^'is  in- 
terior to  the  shell,  and  one  positive  and  one  negative  in  the 
remaining  case. 
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Now  Ave  lun'o  identically 

(4-^^)'■=". 

and 

Hence  with  respect  to  I  as  operand  we  have 

Operate  on  this  idontit\-  with 
and  we  ohtain 

("s-^4y-("^^4) 

and  there  will  he  two  other  equations  of  like  fonn.  Adding 
all  these  together,  changing  all  the  signs,  and  remembering 
that  in  regard  to  I  as  operand 

\dh)  ^  \dk)  "^  ~  \dl)  ' 

\dh')  ^\cWJ         \dl')' 

In  this  formula 

/ ,  d       id,,  d\- 

stands  for  its  algebraical  value 


we  obtain 


( 
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but  if  we  ^vi-ite 

to  denote  the  operation  twice  repeated,  then 

and  so  for  the  like  expressions  with  the  accented  letters.    The 
formula  thus  is 

or  sav 

((E*y  +  E-(E'*)-'-E')l=U, 

or  simply 

(F-F)I=0. 

Let  now  r's^'t'^  be  any  term  in  I ;  then  since 

Er=r,     Es  =  8,    Et  =  0, 

E't  =  f,     E's=s,    EV  =  0, 
we  have 

and  thence 

(F-E'ys}t''=(r  +  i  +  2iJ-l^-k-2JcjysJtK 

Hence  2(r^  +  i  +  2//  —  P  —  k  —  2hj)ri^t^  must  be  identically 
zero  ;  therefore  i—h=-0,  or  i  +  Jc  +  2j  +  l  =  0. 

But  when  the  two  points  to  which  the  Bipotential  is  referred 
(and  which  I  shall  hereafter  call  the  points  oi prise)  are  both 
external  or  both  internal,  i  and  k  have  the  same  sign  ;  there- 
fore i  =  k,  and  the  integral  is  a  function  only  of  7-5  and  t,  or 
say  of 

{]{-  +  Ir  +  P)(J/'  +  7/2  4-  P),     (hh'  +  k¥  +  Wy. 

*  When  the  point  coiTsspouding  to  ?-is  external  and  that  con-esponding 
to  <  is  internal,  the  equation  i-\-k-\-'2j-\-\=0  applies,  which  shows  that 

1  /f  \>  /  *  \^ 
each  term  is  of  the  form  -  ( — )  .  y^j  ;  that  is  to  say,  the  Bipotential  mul- 
tiplied by  r  is  a  complete  function  of—  and  the  cosine  of  the  angle  which 
the  line  joining  the  two  fixed  points  subtends  at  the  centre. 
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Thus  the  desired  theorem  lias  l)cen  estaLlisliod  l)y  virtii(>  ol' 
an  al^chraical  necessity  of  form  alone  ;  and  the  proof  is  ol" 
course  ap})lieahle  to  space  in  any  numl)er  of  dimensions,  snh- 
stitutinn;  for  the  sjdiere  or  spherical  surface  its  analogue  in  such 
space,  and  for  the  reciprocal  of  distance  the  })roper  power  neces- 
sary for  the  satisfaction  of  Laplace's  equation,  i.  e.  the  {q  —  'i)i\i 
power  of  the  reciprocal,  where  q  is  the  number  of  dimensions 
(supposed  to  be  greater  than  2). 

For  the  case  of  two  dimensions,  substituthio-  the  looarithm 
for  the  reciprocal,  so  that  e,v.  ar.  we  are  able  to  attirm  that 
if  each  element  of  a  circular  ring  be  affected  with  a  density 
proportional  to  the  product  of  the  logarithms  of  its  dis- 
tances from  two  fixed  internal  points,  the  mass  of  such  ring 
will  depend  only  on  the  product  of  their  distances  from  the 
centre   of  the   ring  and    the   angle  between   these    distances 

— for  this  case,  Meriting  E  =  A-y7  +/l -77  and  E'  =  //  „.  +Jc' -,,, 
°  dk         (Ik  ah  (Ik 

in  the  equation  (F-FOI  =  0,  F  =  (E*)2  and  F'  =  (E'*)2;  and 

if  the  two  points  are  interior,  every  term  in  -r^^,  will  be  of  the 

form  C;"' .  .'•■' .  t^,  i  and  k  being  l)()th  positive,  and  we  must  have 
r  -\-2ij  —  h-  —  2kj  =  0,  and  consequently  «  =  /t — the  other  solu- 
tion, «+^'4- 2/=  0,  being  applicable  to  the  case  of  one  point 
being  external  and  the  other  internal.  If  the  points  are  both 
external  there  will  be  four  sets  of  terms.  One  set  will  consist  of 
the  single  term  A  log  r  log  t ;  a  second,  of  terms  of  the  form 
c\o^r  .r'sH^' ;  a  third,  of  terms  of  the  form  clogf.^VV*; 
and  the  last  set,  of  terms  of  the  form  cr'sH'^ :  and  it  is  easy 
to  see  that  F(log  rlogO  =  0,  F'(logr  logf)  =  0, 
(F_F/)logr.?-W 

=  ({i  +jf  log  r-(k  +jy  log  r  +  2(i-k)')ryt'^, 
and  consequently  i=Jc  for  the  second  and  third  set ;  as  regards 
the  fonrth  set,  i  =  k  for  the  same  reason  as  in  the  case  of  three 
dimensions.     Hence 

1  =  A  log  r  log  t  +  log  )'(!){)'(,  ^■)  +  log  tf{)'t,  s)  +  (0{rt,  s)  ; 
and  as  r  and  t  are  interchangeable,  we  must  have  4^  =  "^,  and 
consequently 

I-Alogrlog<  =  F(rf,  s); 

so  thai  not  now  the  mass  of  the  ring,  but  the  difference  between 
it  and  the  mass  due  to  the  density  at  the  centre  is  invariable 
when  rt  and  s  are  given. 

For  greater  simplicity,  and  as  bearing  more  immediately  on 
the  theory  of  spherical  harmonics,  I  have  hitherto  regarded 
the  points  of  the  pair-point  at  which  the  ^'bipotential"'  is 
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reckoned  either  both  internal  or  both  external.  The  results 
established  in  these  two  cases  are  not  complenientar\-,  but 
mutually  equivalent  to  each  othcr^  and  to  the  theorem  that  the 
integral  along  a  spherical  surface  of  the  product  of  two  sphe- 
rical harmonics  of  unequal  degrees  is  zero.  In  the  third  case, 
where  one  point  is  internal  and  tlio  other  external,  then  for  the 
case  of  space  of  three  dimensions  the  equation  betvreen  i  and 
k  Avill  have  to  be  satisfied,  not  bj  i=k  but  by  i  +  Jc-r2j  +  l  =  0, 
as  previously  stated  in  a  footnote  ;  and  for  tvro  dimensions  the 
equation  would  have  to  be  satisfied,  not  by  i=k  but  bv 
{  +  /c  +  2j  =  0. 

The  advantage  of  the  method  here  indicated  is  that  it  is  im- 
mediately applicable  to  space  of  any  number  of  dimensions. 
I  shall  now  proceed  to  show  that  it  leads  at  once  to  the  deter- 
mination of  the  values  of  the  surface-integral  of  the  product 
of  any  two  given  tv'pes  of  spherical  haniionics  of  equal  degrees, 
and  mutatis  mutandis  to  the  corres])ondincr  surface-intejrral  in 
space  01  any  order. 

To  prove  that  the  degrees  must  be  equal  or  else  the  inte- 
gral Avill  vanish,  we  have  combined  the  two  Laplacian  opera- 
tors applicable  to  R  and  R'  respectively  ;  to  find  the  value  of 
the  integral  in  a  series,  I  use  either  of  these  operators  to  act 
singly  on  the  result  acquired  by  their  use  in  combination. 
For  greater  simplicity  suppose  the  point-pair  to  be  internal ; 
then,  calling 

the  problem  to  be  solved  is  in  eflect  that  of  finding  the  value 
of  the  numerical  coeflicient  of  h'^hH'^.  h'^-V^'y  in  the  inte- 
gral I.  Now  Ave  know  by  what  precedes  that  the  value, 
say  1^,  of  that  part  of  I  which  is  of  the  /xth  order  in  the  Wro 
sets  h,  h,  I ;  //,  //,  I'  respectively  is  a  rational  function  of  7't 
and  5  ;  and  we  may  accordingly  write 

L = As>^ + Bs'^-s  .e+c.^''-'.e-+  ..., 


where 
and 


"When  A,  B,  C, . . .  are  determined,  the  problem  is   Wrtuallv 
solved,  as  we  shall  then  know  the  coefficient  of 

by  mere  binomial  expansions. 
Since 


ar-ay^D' 
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say  V,  operating  on  the  whole  of  I  gives  the  result  zero,  the 
same  ninst  obviously  bo  true  for  each  part  1* . 
Now  V«''  is  obviously  equal  to 

and 
for 

Also 
'^sPp'^~p''  —  AsPsPS7pi=22JqX(^^jTS^^p\p-\p'i-^  =  i2U2^p.p9-\ 

Therefore 

VsP<9?--  (2^'^—p)sr'-yp"i+'  +  {Apq  +  47''^  +  27)5''.  p'i-\  p'l, 
or 

SJs>^-'Wi={ii-2j){fJi-2j-l)sP-\pp'y-^^p' 

+2j(2,M-2j+iy(pp'y-^i-^.p\ 

Hence,  equating  to  zero  the  coefficients  of  the  different  combi- 
nations of  p,  p',  o",  we  easily  obtain  by  writing  for  y  succes- 
sively 0,  1,  2,  3, ... , 

/x(/i-l)A  +  2(2/i-l)B  =  0, 

(/A-2)(/x-3)B  +  4(2/i-3)C=.0, 

(/i-4)(/i-5)C  +  6(2/t-5)D  =  0, 

^-~2(27.^=T)^' 

K/^-l)(^-2)(/.-3) 
^~        2.4(2/i-l)(2/i-3)"^ 

1^         /i(/x-l)(^-2)(/x-3)(/^-4)(/^-5)    . 
^~         2.4.(K2yti-l)(2/z-3)(2/x-5)         ' 

To  find  the  value  of  A,  I  observe  that  when  ^  =  0,  /  =  0, 
k'  =  0,  r  =  0,  and  h'  =  h,  I^  becomes 

(A  +  B  +  C+...)/r^ 

But  in  that  case,  taking  the  radius  of  the  sphere  equal  to  unity. 
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I  becomes  the  surfiice-inteoral  of  ^      ,,, r^,  and  is  equal  to 

^  l  —  z/u'  +  /i-  ^ 


Therefore 

A  +  B  +  C+...=    ^'^ 


or 


k'here 


^'^^-  2M^' 


2/4  +  1' 
47r 


^'^  2(2/^-1)  ^  2.4.(2/^-l)(2^-3) 

2.4.6.(2/x-l)(2/^-3)(2/^-5)    ••'* 
This  series  admits  of  summation.     And  I  find 

fci-J,     ^2-3,     ^3-^,     b,-3^,    b,-g3,    ^^gTTTYl' 
^  _       ll^  q  _  128  ^  _  120 


S,n  = 


3 .  11 .  13'     "«~  3  .  11 .  13  .  15'     "'~  5  .  11 .  13  .  17= 

256 


^^°'    11.13.17.19*"* 
and  in  general 


0     

09«)  = 


2.4.6...(2;/0 


(2m  +  l)(2m  +  3)(2m  +  5) . . .  (4//i-l) 
and 

^,        _  2  m  + 1  j^ 

that  is  to  say,  S^  is  the  reciiDrocal  of  the  coefficient  of  A"  in 
(1-2/1)-*.  " 

Hence  the  values  of  A,  B,  C . . .  in  I^  are  completely  deter- 
mined, and  I^,  and  consequently  the  value  of  the  complete 
integral  of 

is  known  for  all  values  of  a,  h,  c  ;  a,  /9j  7 — and  this  by  a  me- 
thod which  is  apphcable  step  by  step  to  any  number  of  vari- 
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able.s,  provided  in  place  of     we  write  — -  when  n  exceeds  2, 

/•  ,.«-- 

and  log;- when  n  =  2,  and  consider  f/S  to  be  the  element  of 
what  in  n  dimension^)  corresponds  to  a  spherical  surface  in 
three-dimensional  space. 

The  method  employed,  of  first  using  two  Lajjlacian  operators 
incomljination  to  (.letennino  one  pr()}»erty  of  the  form  under  in- 
vestigation and  then  a  single  one  of  tliem  to  act  on  the  form 
thus  ])artially  determined,  reminds  one  very  nmch  of  the  method 
for  obtaining  invariants  of  given  orders  from  their  two  general 
partial  difterential  equations.  Combined,  these  two  ecpiations 
express  the  hnv  of  isobarism  ;  then,  assuming  the  isobarism,  a 
single  one  of  the  two  serves  to  determine  the  special  values  of 
the  coefficients.  The  analogy  between  that  process  and  the 
one  here  employed  seems  to  me  to  be  exact,  although  the  sub- 
ject-matter is  so  very  unlike  in  the  two  problems — and  is  the 
more  interesting  on  that  very  account. 

The  bipotential  in  the  case  where  the  two  points  of  prit>e 

are  both  internal  being  known  under  the  form  F  (     2,cos«), 

where  a  is  the  radius  of  the  sphere,  its  value  for  the  case 

where  these  points  are  both  external,  and  for  the  case  where 

they  are  one  internal  and  the  other  external,  may  be  assigned 

without  any  further  calculation  as  follows  : — 

1.  Suppose  r  greater  than  the  radius  of  the  sphere,  but  / 

less.     We  know  a  priori  from  the  result  previously  obtained 

(and  stated  in  a  footnote),  that  the  bipotential  for  this  case  is  of 

1      //  \  . 

the  form     GrI-  ,  cos«j.      Now  in  i)lace  of  r,  r'  substitute 

«,  — ;  then  the  bipotential  becomes  -  G(— ?  cosaj. 

But  we  may  by  an  easily  justifiable  application  of  the  prin- 
ciple  of  continuity  now  regard  a  (as  Avell  as  — ;-)  as  the  distance 
of  an  internal  point  from  the  centre.     Hence  we  have 

J^g(^',cos«)=f(^,cos«), 


or 


lG(il,eos.)=«F(^,e„.«), 


which  is  the  value  of  the  bipotential  of  a  spherical  surface  cut 
by  the  line  oi  prise,  r  being  the  distance  of  the  external  point 
oi'  prifc  from  the  centre. 

2.  Sujjpose  r  and  /  to  be  each  greater  than  the  radius,  and 


r>i 


J 
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we  know  tlie  bipotential  is  of  the  form  H  ( -y,  cos  a). 


ri 


For  r,  r'  substitute  respectively  — .     Then  we  may  regard  the 


a 


case  as  that  of  an  exterior  and  interior  point  ol  frUe^  and  con- 
sequently from  the  last  case  we  have 

H('-;^,eos«)  =  ^F(^,cos«). 
If  we  compare  the  t:\vo  expressions  F  (    ^j  cos  «  1  and 

—  F(^5  cosa  ) 

respectively  applicable  to  two  internal  and  two  external  points 
of  2?Wsg,  it  will  easily  be  seen  that  it  leads  to  the  following 
theorem.  Let  there  be  two  concentric  spheres,  and  let  any 
two  radii  cut  the  tirst  and  second  surfaces  in  the  points  P,  Q 
and  P',  Q'  respectively  ;  then  the  bipotential  of  the  first  sur- 
face ^vith  respect  to  P',  Q'  as  the  points  ofpj'ise,  is  to  the  bipo- 
tential of  the  second  surface  with  respect  to  P,  Q  as  the  points 
of  jyt'ise  in  the  ratio  of  the  squares  of  the  radii  of  the  two  sur- 
faces to  each  other. 

This  is  a  theorem  of  precisely  the  same  kind  as  Ivory's  for 
the  comparison  of  the  attractions  (or,  if  we  please,  the  potentials) 
of  tvN'o  confocal  ellipsoids  in  the  particular  case  when  they 
become  two  concentric  spheres,  and  may  be  Aerified  by  precisely 
the  same  geometrical  method.  For  we  have  only  to  divide  the 
two  spherical  surfaces  into  corresponding  elements  m,  m'  by 
radii  drawn  in  all  directions  to  meet  the  two  surfaces,  and  it 
is  evident  that  we  shall  have  the  distances  inV  and  ni'Y  equal, 
as  also  »iQ'  and  »/Q.  And,  moreover,  the  ratio  of  any  two 
corresponding  elements  m,  m!  will  be  as  the  square  of  the  radii, 
Avhich  evidently  establishes  the  theorem  in  question.  It  may 
farther  be  noticed  that  the  relation  between  the  bipotentials 
in  the  three  several  cases  considered  may  be  deduced  from 
the  fact  that  each  such  radical  as 


V 1  -  Ihx  -Uy-2lz  +  K'  +  P  +  V- 

where  Ir  +  1c  +  /"■  is  greater  than  unity,  may  be  put  under  the 
form 

1 _^i. 

where  //^,  A'^,  /^  r.nd  //,  /(•,  /  are  the  eoordinatesof  two  points  the 
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inverses  (or  electrical  images)  of  each  other  in  regard  to  the 
origin,  and  consequently  ///  +  ^-^  +  //  less  than  unity.  This  is 
going  to  the  heart  of  the  matter.  So  I  may  ohserve  that  if 
we  would  go  to  the  root  of  the  relation  between  positive-  and 
negative-degreed  solid  spherical  harmonics,  the  more  logical 
mode  of  proceeding  is  not  (as  is  usually  done)  to  infer  this  by 
a  lengthy  a  j)osterwri  process,  but  immediately  from  the  fact 
that  since 

1  

n/  (a-2 +/  +  ^)  -.2(/j.??  +  hi  +  Jz)  +  [K'  +  /^  +  P) 

is  nullified  by  the  operator 

(,!;)'+©"+ OiV' 

so  also  must  the  same  operator  nullify  the  radical 

1 

n/  1^2(J/i+ky  +  Iz)  +  {K'  +  P  +  P)(.r^ +/+^)* 

Before  proceeding  further,  I  ought  to  observe  that  H  in 

the  above  series  for  the  bipotential  may  easily  be  shown  to  be 

47r 
-^ — — Y  multiplied  into  the  coefficient  of  t>^  in  the  expansion  of 

-—-=====■*:  or,  in  other  words,  if  the  distances  from  the 
s/l  —  'ist  +  dt^  '  ' 

*  s,  it  will  be  remembered,  is  7ih'-]-hk'-jrIl',  and  6  is  the  product 
(Jr+k^+P)  (h'^+k'-  +  l'').  The  statement  in  the  text  follows  as  a  conse- 
quence from  the  fact  that  {l-2st+$t-)~^  obeys  Laplace's  law,  and,  when 
expanded  according  to  powers  of  t,  is  of  the  form  found  for  I^,  and  must 
consequently  be  identical  with  it  to  a  factor  pres,  that  factor  being  a  function 
oi n.  whoso  value  is  easilyfound  by  making  h  =  h'  and  /.-,  /;  A',  /'  each  zero. 
In  like  manner  it  may  be  shown  that  in  higher  space  of  n  dimensions  the 
correspondino-  value  of  II„  is  a  function  of  fi  multiplied  by  the  coefficient 

of  ^  in  ( 1  -  22/i/t'<  +  (27i-)2(/t '-)  t'-)  ;  and  I  find  that  this  function,  say 
0(/x,  h),  (as  will  be  shown  in  a  sequel  to  this  paper)  is  always  a  rational 
function  in  m,  containing  in  the  denominator,  Avhen  n  is  odd,  one  factor  of 
the  form  2m+j,  all  the  otliers  being  of  the  form  j» +«— and  when  n  is  even, 
factors  all  of  the  form  m-\-i.  AVhatever  the  form  of  those  linear  factors 
had  been  for  even  numbers,  we  could  see  n  priori  that  the  Bipotential  for 
space  of  even  dimensions  could  contain  only  algebraic  and  inverse  circular 
or  logarithmic  functions.  Dut  as  regards  the  case  of  space  of  odd  dimen- 
sions, the  fact  of  there  being  no  factors  except  of  the  form  m  +  i,  '2m+J,  is 
prepotent  in  determining  the  form  of  the  result.  I'or  space  of  two  dimen- 
sions the  IMpotential  does  rot  appear  readily  to  yield  to  summation  in 
finite  terms.  Thus  at  one  blow  the  tlieory  of  spherical  harmonics  has  been 
extended  to  "  globoidal  "  harmonics  in  general ;  and  the  chief  cases  of  sta- 
tical distribution  of  electricity  heretofore  solved  may  bo  regarded  asvir- 
tuallv  solved  mutatis  mutandis  for  space  of  any  number  of  dimensions, 
of  course  with  the  proviso  that  the  law  of  attraction  (in  consonance  with 
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centre  of  a  spherical  surface  of  two  points  in  the  intenoi'  be 
r,  t^,  and  the  angle  which  the  line  joining  them  subtends  at 
the  centre  be  a,  then  the  value  of  the  bipotential  of  the  sur- 
face at  this  point-pair  is  the  elliptic  integral 

4:7rdx 


[ 


Jo  s/l  —  '2  .r'-cos  (o  +  x^ 
which  I  take  leave  to  call  the  Cardinal  Theorem  of  Spherical 
Harmonics ;  for  it  is  the  theorem  from  which  spring  all  the 
properties  relating  to  the  "  surface-integral "  of  the  product 
of  any  two  rational  forms  of  Laplace's  coefficients. 

the  hypotlietical  principle  of  force-emanation  to  wliicli  the  English  school 
of  physicists  seem  to  he  returning)  is  always  to  he  supposed  to  vary  as  the 
(»■— l)th  power  of  the  distance  in  space  of  i  dimensions. 

The  actual  expression  for  <f>{m,  «)  when  n  is  3  we  know  is  Om-i-l'     ^ 

general  when  «  is  any  other  odd  number,  I  find  that  its  value  is 

ji-i 


(2«i+«— 2)(»j-fw-3)(>«  +  /.'-4) .. .  Qn+'-L^\ 

As  this  expression  may  be  split  up  into  partial  fractions,  it  is  obvious  that 
the  value  of  the  Bipotential  may  be  expressed  by  means  of  the  sum  of  in- 
tegrals of  the  form 


and  one  of  the  form 


J' 


du 


(V?**+A«2-l-B)"-2' 


so  that  it  involves  no  ti'anscendents  of  a  higher  order  than  an  ordinarv 
elliptic  function.  T  think  also  that  it  follows  fi-om  the  limits  to  the  value 
ofy  that  the  other  integrals  are  mere  algebraical  functions.  The  less  in- 
teresting case  when  m  is  an  even  number  (being  very  much  pi'essed  for 
time  and  within  twenty-four  hours  of  steaming  back  to  Baltimore)  I  have 
not  taken  the  trouble  to  work  out  in  detail. 

The  determination  of  the  Bipotential  constitutes  in  itself  a  A-ast  accession 
to  the  theory  of  definite  integrals,  and  promises  to  be  fruitful  in  vieldino- 
whole  new  families  of  such  when  subjected  to  the  usual  processes  per- 
formed under  the  sig-n  of  integration.  But  does  the  theory  stop  here  ? 
The  success  of  my  method  for  the  Bipotential  depend?  solely  upon  the  dis- 
covery that,  as  regards  internal  points  of  prise,  it  may  be  regarded  as  a 
function  of  only  two  variables,  /v'and  cos  co.  Xow  a  Tripctential  will  ob- 
viously at  first  sight  be  a  function  of  not  more  than  six  variables,  viz.  the 
three  quantities  ;•,  /•',  r"  and  the  cosines  of  the  angles  between  them  :  but 
it  becomes  a  question  whether  this  number  also  may  not  be  reduced  to  be 
less  than  six,  themselves  simple  functions  of  the  six  parts  of  a  tetrahedron ; 
and  so  for  a  multipotential  of  any  order  the  question  arises,  Is  it  a  func- 
tion of  ^m{m-\-\)  quantities  or  of  a  smaller  number?  and  if  so,  of  what 
number  of  what  variables  ? 
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Since  eveiy  spherical  bannoiiic  of  inte^nii  degree  is  a  linear 
function  of  the  dilierential  derivatives  of  (.(•'-+//- 4-^-')"*,  the 
whole  theory  of  the  diplo-spherical-hannonie-surface  integral 
is  contained  in  the  annexed  equation,  which  springs  immedi- 
ately from  the  expression  found  ahove  for  the  bi[)otontial  of  a 
spherical  surface  at  two  internal  points  (slightly  modified  by 
taking  — //,  —h,  —I;  —h',  —k',  —I'  for  the  coordinates  of 
the  points)  by  means  of  the  simple  and  familiar  ])rinciple  that 
any  differential  derivative  with  respect  to  .?■,  y,  z  of  a  function  of 
X,  y,  z  is  identical  with  what  the  corresponding  derivative  with 
respect  to  /*,  /•,  I  of  the  like  function  of  x-\-h,  y-\-^,  :  +  /  be- 
comes when  h,  h,  I  are  made  to  vanish. 

Let  U  stand  for  xc'-nhh'.ir +  ^h\Xh'\  and  let 

y(;„ ,,  I ;  //,  //.  o=£*C4'  fl'  rHi"  r,'  ir)  %' 

where  <3E>  and  ^  are  forms  of  function  which  denote  series, 
whether  finite   or  infinite,  containing   only  positive   integer 

iiowers  of  the  variables.    Then,  if  p  =  -7-== — -. .  and  (/S  is 

*  .  s/x'+y'  +  z' 

the  element  of  a  spherical  surface  of  unit  radius,  the  complete 

integral 

=  47ry(0,  0,0;  0,  0,0). 

When  ^  and  ^  are  homogeneous  forms  of  function,  each 
of  the  degree  /,  if  we  write 

T  =  l-2thh'  +  Vr.^h'', 
and  make 

m,  i,  / .  //,  r,  o=*  ii'  i'  s)  ^  i^,'  ^'  ^)  ^- 

the  value  of  the  corresponding  harmonic-surface  integral  be- 
comes 

^^n(0,  0,0;  0,0,0). 

I  am  not  aware  that  a  rule  for  finding  such  integral  so 
simple  in  form  and  of  such  absolute  generality  in  operation  as 
the  one  ahove  has  Ijcen  given  before  ;  the  interesting  rule  fur- 
nished by  Professor  Clerk-]\Iaxwell,  '  Electricity  and  Magne- 
tism '  (vol.  i.  p.  170),  assumes  that  4>  and  ^  have  been  each 
reduced  to  the   form   of  th.e  product  of  linear  functions  of 

i-,  4->  4 a  reduction  which  cannot  practically  be  effected, 

ax  ay  az 
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as  it  involves  the  solution  of  systems  of  equations  of  a  high 
order — not,  however,  so  high  as  might  at  first  sight  be  inferred 
from  Professor  Maxwell's  statement  that,  for  the  case  of  i  fac- 
tors, it  depends  on  the  solution  of  a  system  of  21  equations  of 
the  tth  degree,  as  the  equations  referred  to  (evidently  those 
obtained  hy  the  use  of  the  method  of  indeterminate  coefficients 
in  its  crude  form)  would  be  of  a  special  character  :  thus,  e,i\ 
gr.,  when  i—"2,  the  order  of  the  system  of  the  four  quadratic 
equations  sinks  down  from  4 .  2^  or  32  (its  value  in  the  general 
case)  to  be  only  3,  as  will  presently  be  seen. 

The  method  of  poles  for  representing  spherico-harmonics, 
de^^sed  or  developed  by  Professor  Maxwell,  really  amounts  to 
neither  more  nor  less  than  the  choice  of  an  apt  canonical  form 
for  a  ternary  quantic,  sulyect  to  the  condition  that  the  sum  of 
the  squares  of  its  variables  (here  ditferential  operators)  is  zero; 
and  1  am  quite  at  a  loss  to  understand  how  it  can  at  all  assist 
"  in  making  the  conception  of  the  general  spherical  harmonic 
of  an  integral  degree  perfectly  definite,"  or  what  want  of  defi- 
niteness  apart  from  the  use  of  this  canonical  form  can  be  said 
to  exist  in  the  subject. 

Since  (y)   +(y)  +(71)    i'^t'^ii'^s  i<"S  form  when  any 

orthogonal  linear  substitutions  are  impressed  on  .i',  y,  z,  we 
recognize  a  priori  that  a  harmonic  distribution  on  the  surface 
of  a  sphere  is  invariantive  in  the  sense  that  it  bears  no  intrinsic 
relation  to  the  particular  set  of  axes  which  may  happen  to  be 
used  to  express  the  value  of  the  harmonic  at  each  point  of  the 
surface  ;  and  the  great  merit,  it  seems  to  me,  of  Professor 
Maxwell's  beautiful  conception  of  harmonic  poles  is  that  it  puts 
this  fact  in  evidence  :  for  it  is  easy  to  see  at  a  glance,  from  the 
use  of  successive  linear  operators,  that  the  harmonic  at  any 
variable  point  on  the  surface  for  any  given  degree  (n)  will 
depend  in  an  absolutely  determinate  manner  (save  as  to  an 
arbitrary  constant  factor)  on  the  cosines  of  the  arcs  joinino-  it 
with  n  arbitrarily  assumed  fixed  points  on  the  sphere,  ancl  of 
the  arcs  joining  those  n  points  with  one  another  (being  in  fact 
a  symmetrical  function  of  each  of  the  two  sets  of  cosines),  so 
that  intrinsic  poles  are  substituted  for  extrinsic  Cartesian  axes. 
I  am  a  little  surprised  that  this  distinguished  writer  should 
not  have  noticed  that  there  is  always  one,  and  only  one,  real 
system  of  poles  appertaining  to  any  given  harmonic,  and  that 
to  find  this  system  it  is  not  necessary,  as  he  has  stated,  to  em- 
ploy a  system  of  n  equations  each  of  the  order  2n,  but  one  sino-le 

equation  of  that  order.    For  calling  -^>  ^-j  ^-  by  the  names 

*=  ax  ay  dz     "^ 

f ,  7],  ^,  then  any  given  harmonic  of  the  nth.  degree  may  be  re- 
Fhil  Mag.  S.  5.  Vol.  2.  No.  11.  Oct.  1876.  '  X 
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iluccd  by  the  use  of  mere  lineiir  equations  to  the  form  {^,v,  ?)"  -> 

and  the  problem  to  be  solved  in  order  to  find  its  poles  is  the 
purely  algebraical  one  of  converting  the  quantic 

(f,  7;,  ?)"  +  A(f  +  V-' +  ?-'),  _ 
where  A  is  a  quantic  of  the  order  (n  — 2),  into  a  product  of 
linear  factors.  Now  this  again  is  merely  the  problem  of 
finding  a  pencil  of  rays  that  shall  pass  through  the  intersec- 
tions of  the  curve  (|^,  1],  5)"  with  the  curves  {^  +  v'  +  ^)  I  that 
is  to  say,  any  dispersal  of  the  2ti  intersections  into  n  sets  of 
two  each  will  give  a  system  of  n  polar  factors  in  Professor 
Maxwell's  problem.  "We  have  therefore  only  to  find  the  values 
of  ^:  77:^  in  the  two  simultaneous  equations  (^,  t],  5)"  =  0, 
^'  +  V'  +  K'  —  ^}  aiid  this  leads  to  a  resolving  equation  of  the 
2;ith  order.  From  the  form  of  the  second  equation  we  see 
that  the  values  n-  '.  y  '.  z  are  all  hnayinarij  ;  consequently 
there  will  be  one,  and  but  one,  system  of  real  rays,  /.  e.  real 
polars  corresponding  to  the  distribution  of  the  2n  roots  of 
the'resohdng  equation  into  n  conjugate  pairs.  The  remaining 
systems  (there  are  in  all  1 .  3  .  5  . . .  2;i  —  1  of  them)  Avill  each 
contain  imaginary  elements,  so  that  all  or  some  of  the  poles 
become  imaginary. 

In  the  case  of  n  =  2,  the  problem  becomes  the  familiar  one 
of  finding  the  principal  axes  of  a  cone  of  the  second  order  ; 
and  instead  of  employing  a  biquadratic  resolvent  we  make  the 
discriminant  of  (^,  rj,  ^y  +  (^-  +if+  ?")  to  vanish,  which  of 
course  only  requires  the  solution,  of  a  cubic  equation  ;  but  as 
subsequently  (when  the  pair  is  to  be  divided  into  its  elements) 
a  new  quadratic  surd  is  introduced,  we  are  virtually  solving  a 
biquadratic,  in  accordance  with  the  general  rule  that,  to  find 
the  poles  of  a  spherical  harmonic  of  the  degree  n,  it  is  neces- 
sary to  solve  an  equation  of  the  degree  2n. 

To  put  the  coping-stone  to  Professor  Clerk  Maxwell's  method 
of  poles,  I  think  it  would  be  desirable  to  find  an  intrinsic  defini- 
tion of  spherical  harmonics  to  correspond  with  their  representa- 
tion referred  to  intrinsic  axes  :  I  mean  wo  ought  to  be  able  to 
dispense  with  the  Laplacian  operator  altogether,  and  to  define  a 
Harmonic  with  sole  reference  to  some  algebraical  or  geometrical 
(but  certainly  not  physical)  condition  which  it  satisfies  in  regard 
to  its  poles.  With  all  possible  respect  for  Professor  Maxwell's 
great  ability,  I  must  own  that  to  deduce  purely  analytical 
properties  of  spherical  harmonics,  as  he  has  done,  from  "Green's 
theorem"  and  the  "principle  of  potential  energy"  (Electri- 
city and  Magnetism,  vol.  i.  p.  108),  seems  to  me  a  proceed- 
ing at  variance  wuth  sound  method,  and  of  the  same  kind 
and  as  reasonable  as  if  one  should  set  about  to  deduce  the  bi- 
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nomial  theorem  from  the  law  of  virtual  velocities,  or  make 
the  rule  for  the  extraction  of  the  square  root  tlow  as  a  con- 
sequence from  Archimedes'  law  of  floating  bodies. 

Jolms  Hopkins  University, 

Baltimore,  Maryland,  U.  S., 

August  28;  1876. 

XXXVIII.  Notices  respecting  Neio  Boohs. 

Tables  for  facilitating  Suumer's  Method  at  Sea.  Bif  Sir  "William 
Thomsox,  D.C.L.,LL.D.,  F.E.S.,  Professor  of  Natural  PhilosopJuj 
in  the  Universit)/  of  Glasgow,  and  Bellow  of  St.  Peters  College, 
Cambridge.     Loudou  :  Taylor  and  Francis,  1876. 

TN  1871  Sh'  William  Thomson  communicated  to  the  Eoyal 
-^  Society  a  paper  which  was  published  in  its  '  Proceedings,' 
in  which,  after  stating  his  decided  preference  for  Sumner's  over 
any  other  method  of  reducing  observations  at  sea,  he  went  on  to 
show  how  Tables  might  be  prepared  which  would  greatly  shorten 
and  simplify  the  application  of  that  method.  He  has  had  these 
Tables  calculated  under  the  superintendence  of  Mr.  Eoberts,  of  the 
Nautical-Almanac  Office  ;  and  they  have  been  largely  used  by  the 
author  and  his  friends  during  several  years.  These  private  trials 
have  served  to  prove  the  practical  utility  of  Sir  W.  Thomson's 
^5ystem,  and  to  justify  its  piiblication.  The  Tables  are  now  issued, 
accompanied  by  Rules  for  their  use,  which  are  sufficiently  explicit 
to  direct  the  sailor,  even  although  he  should  be  ignorant  of  the 
principles  of  the  method  he  is  appl;,dng.  The  method,  however,  is 
fully  explained  in  a  preface  to  the  boolc,  which  is  of  considerable 
scientific  interest,  and  of  which  we  proceed  to  give  a  short  abstract. 

Sir  W.  Thomson  begins  by  pointing  out  that  any  single  obser- 
vation of  the  altitude  of  the  sun  or  of  a  star  at  a  known  instant  of 
Greenwich  time  affords  data  for  drawing  on  the  earth's  surface  a 
circle,  at  some  point  in  which  the  observer  must  have  been,  and 
from  every  point  in  which  the  altitude  of  the  body  observed  was 
the  same  at  the  time  of  the  sight.  Of  course  the  body  observed 
must  at  that  time  have  been  vertically  overhead  of  the  centre  of 
this  imaginary  circle,  and  eveiy  part  of  the  circle  is  perpendicular 
to  the  true  bearing  of  the  body  observed.  All  that  any  one  "  sight " 
tells  the  sailor  is  that  the  ship  is  somewhere  upon  one  such  circle ; 
and  if  he  can  actually  di'aw  a  small  portion  of  the  circle  (short 
enough  to  be  taken  without  sensible  error  as  a  straight  line)  in 
that  part  of  his  working  chart  in  which  the  ship  is  known  to  be, 
he  will  have  obtained  all  the  information  that  the  "sight"  can 
yield,  and  he  ^^ill  have  expressed  it  in  the  most  concise  and  scientific 
form  possible.  The  short  straight  portion  of  this  circle,  which  it 
is  the  object  of  Sumner's  method  to  draw,  is  commonly  called  a 
Sumner  line. 

AVhen  an  observation  of  time  and  altitude  has  been  made,  the 
corresponding  Sumner  line  may  be  drawn  in  either  of  two  ways. 
We  may  take  two  estimated  latitudes,  say  the  two  integer  degi'ees 
'nearest  to-  the  true  latitude,  and  calculate  the  longitude  corre- 

"^^  o 
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sponding  to  each.  Tf  the  two  points  thus  found  l>o  joined,  the  line 
joining  them  will  1)(>  the  Sumner  line.  Or  we  may  calculate  one 
longitude  (and  so  olitain  one  point  through  which  the  line  passes), 
and  also  the  true  azimuth  ot"  the  body  observed,  which  gives  ua 
the  inclination  of  the  Sumner  line  to  the  parallels  of  latitude. 
The  latter  plan  is  the  one  adopted  by  Sir  AV.  Thomson.  The  former 
is  the  plan  most  commonly  used,  although  neither  can  properly  be 
said  to  be  in  common  use  at  all ;  for,  as  Sir  A\''.  Thomson  says, 

"  Sumner's  method,  although  undoubtedly  the  clearest  and  com- 
pletest  mode  of  interpreting  observations,  has  never  found  very 
general  favour  with  na\igators.  A  few  of  the  most  skilful  no 
doubt  use  it  habitually  :  and  many  more  use  it  occasionally  in  criti- 
cal times  ;  but  its  tediousness  has  hitherto  prevented  it  from  coming 
into  every-day  use.  1  have  prepared  the  Tables  which  follow  with 
a  view  to  remove  this  drawliack  to  the  use  of  a  method  which  I 
have  long  felt  convinced  should  be  the  rule  and  not  the  exception 
of  practice  at  sea.'' 

When  the  latitude  is  estimated,  the  problem  of  how  to  find  the 
hour-angle  and  azimuth  is  simply  the  solution  of  the  spherical 
triangle  PSZ,  in  which  P  is  the  earth's  pole, 
Z  the  ship's  zenith,  and  S  the  sun  or  star. 
The  data  are  PZ  (the  estimated  co-latitude), 
S  Z  (the  zenith  distance  or  co-altitude),  and 
S  P  (the  polar  distance  or  co-declination).  It 
is  required  to  fijid  the  angle  S  P  Z,  which  is 
the  hour-angle  from  the  ship's  meridian,  and 
S  Z  O,  which  is  the  azimuth.  Sir  AV.  Thomson 
shows  that  to  tabulate  the  values  of  the  angle 
P  corresponding  to  all  possible  values  (differ- 
ing by  not  more  than  1')  of  the  three  sides  of 
the  triangle  would  be  impracticable,  as  it 
would  necessitate  the  tabulation  of  the  solu- 
tion of  1.57,4()4,0ut:i,(.i()i;)  triangles,  which  at  the  rate  of  1000 
triangles  per  day  would  take  40i  ».000  years,  lie  has  overcome  this 
formidable  dilliculty  by  di\iding  the  ])roblem  into  the  solution  of 
two  right-angled  spherical  triangles,  and  by  aid  of  the  tabulated 
solutions  of  8100  triangles  whose  sides  are  integral  numbei's  of 
degrees,  has  made  it  possible  and  easy  to  work  out  a  ship's  place 
as  accurately  as  the  observations  admit  of,  with  hardly  any  cal- 
culation, and  without  the  use  of  logarithms.  The  account  of  how 
this  has  been  done  is  given  in  the  preface  with  a  conciseness  which 
hardly  admits  of  abbreviation  : — • 

"  Let  0  be  the  point  in  which  the  arc  of  a  great  circle  less  than 
90'',  through  S,  perpendicular  to  P  Z,  meets  P  Z,  or  P  Z  produced. 
We  have  now  the  two  right-angled  spherical  triangles  SP  O  and 
S  Z  O,  which  have  the  common  side  S  O  or  a,  whose  angles  A 
opposite  to  a  are  in  the  one  the  hour-angle,  and  in  the  other  the 
azimuth,  whose  sides  6  (OP  and  OZ)  differ  by  an  amount  equal 
to  the  estimated  co-latitude  P  Z,  and  whose  hypotenuses  (S  P  and 
S  Z)  are  the  co-declination  and  co-altitude  respectively. 

"  The  side  a  may  have  any  value  from  0'  up  to  90^    The  side 
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h  may  also  have  any  value  from  0°  to  90°.  The  Tables  are  calcu- 
lated for  the  successive  values  of  a  and  h,  increasing  by  1°  at  a 
time.  Instead  of  the  values  of  the  hypotenuses  (S  P  and  S  Z)  being 
tabulated,  the  complements  of  their  values  are  tabulated,  so  as  to 
give  directly  the  declination  and  altitude  instead  of  the  co-decHna- 
tion  and  co-altitude.  These  quantities  ai'e  given  in  the  columns 
headed  '  co-hyp-'  The  values  of  the  angles  opposite  a  are  given  in 
the  columns  headed  '  A.' 

"  When  we  have  made  an  observation  and  estimated  our  latitude 
to  the  nearest  degree,  we  do  not  know  the  ^alue  of  6  for  either  triangle ; 
but  we  know  what  the  difference  between  the  values  of  h  for  the 
two  triangles  is,  it  being  equal  to  the  estimated  co-latitude.  AVe 
do  not  know  the  value  of  a  ;  but  we  know  the  values  of  the  two  co- 
hypotenuses,  the  complements  of  IS  P  and  S  Z,  since  they  are  equal 
to  the  declination  and  altitude  respectively.  We  therefore  take 
the  Tables  and  search  from  coHunu  to  column  until  we  find  two 
places  in  one  of  the  columns  headed  '  />,'  distant  from  each  other 
by  an  amount  equal  to  the  estimated  co-latitude,  and  which  are 
such  that  opposite  to  one  of  them  in  the  adjoining  column  headed 
'  co-hyp '  is  a  number  approximately  agreeing  with  the  declination, 
\\]x\\e  opposite  to  the  other  (and  also  in  the  '  co-hyp  '  column)  is  a 
number  approximately  agreeing  Avith  the  altitude.  We  then  take 
fi"om  the  adjoining  column  headed  '  A '  the  number  level  with  the 
declination  for  the  hour-angle,  and  that  level  M'ith  the  altitude  for 
the  azimuth.  In  fact  Ave  have  two  level  sets  of  numbers  in  the 
three  columns  '  6,'  '  co-hyp,'  and  '  A,'  one  set  distant  from  tlie  other 
by  a  length  of  the  column  '  h  '  equal  to  the  estimated  co-latitude, 
and  which  give  the  solutions  of  the  two  triangles  S  PZ  and  S  Z  O. 
....  The  search  from  column  to  column  until  the  proper  places 
are  found,  is,  with  the  help  of  a  pair  of  compasses,  a  very  simple 
matter.  It  Avill  almost  always  liappen  that  the  numbers  found  in 
the  '  co-hyp '  column  agree  only  approximately  with  the  actual 
declination  and  altitude.  It  is  then  necessary  to  get  a  second  set, 
such  that  the  actual  value  of  the  declination  will  lie  between  the 
two  tabular  values,  and  then  to  interpolate  intermediate  values  for 
the  altitude,  hour-angle,  and  azimuth  corresponding  to  the  actual 
declination.'' 

Li  cases  where  the  point  O  comes  between  P  and  Z : — 
"  The  two  triangles  S  P  O  and  S  Z  O  will,  as  before,  have  the 
common  side  a ;  their  co-hypotenuses  Mill,  as 
before,  be  the  declination  and  altitude  respec- 
tively :  and  their  angles  A  (8  P  O  and  8  Z  O) 
will  be  the  hour-angle  and  azimuth  respectively. 
The  side  h  of  the  one  will,  however,  no  longer 
differ  from  the  side  b  of  the  other  by  an  amount 
equal  to  the  estimated  co-latitude  P  Z  ;  in  place 
of  this  relation  the  following  one  will  exist. 
Let  P  Z  be  bisected  in  Q  ;  then  P  O  (the  side  h 
of  the  one  triangle)  =PQ-l-OQ  =  |PZ-f  OQ, 
while  OZ  (the  side  h  *of  the  other  triau<de) 
=QZ--OQ  =  |PZ-OQ.  In  other  words,  the 
side  h  in  the  one  triangle  is  jn.st  as  much  ;/reater 
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ili.an  llio  half  estimated  co-latitude  as  the  side  b  in  the  other 
triangle  is  les.'i  than  tlie  lialf  estimated  co-latitude.  Vifo  therefore 
take  the  Tables  and  find,  by  aid  ol:  a  pair  of  compasses,  two  places 
somewhere  in  one  of  the  columns  iicaded  '  b,'  one  of  A\hich  is  as 
much  above  the  level  of  the  half  estimated  co-latitude  as  the  other 
is  below  that  level,  and  such  as  to  hav»i  two  numbers  o])posite  to 
them  in  the  'co-hyp'  column  approximately  agreeing  with  the  de- 
clination and  altitude  respecti\ely.  The  niunbers  level  with  these 
in  the  adjoining  column  '  A'  \\ill  then  agree  with  the  hour-angle 
and  azimuth. " 

In  the  Rules  which  are  append<xl  to  the  Tables  a  full  account  is 
given  of  how  to  find  the  exact  position  by  means  of  the  intersection 
ot'  two  Sumner  lines,  or  of  one  Sumner  line  with  the  true  bearing 
of  an  object  whose  position  is  kno\vn. 

Believing  as  we  do  that  Sumner's  is  the  oixly  scientific  method 
of  treating  observations  of  the  sun  and  stars  at  sea,  and  that  its 
general  adoption  by  sailors  is  a  reform  much  to  be  desired,  not 
only  because  of  the  practical  merits  of  the  method,  but  also,  and 
perhaps  chiefly,  on  account  of  its  leading  those  who  use  it  to  inquire 
into  the  reasons  of  what  they  do,  we  welcome  this  volume  as  form- 
ing an  important  addition  to  the  already  heavy  debt  which  the 
scientific  navigator  owes  to  Sir  William  Thomson. 

Hailnay  Appliances  A  Description  of  details  of  Railway  Con- 
struction SKbsequent  to  the  completion  of  the  EarthworJcs  and 
Structures  including  a  short  notice  of  BaHway  Rolling  StocJc  By 
JoHX  Wolfe  Barry  Member  of  the  Institution  of  Civil 
Enfjineers  "With  Illustrations.  London  :  Longmans,  Green  & 
Co.     Small  Svo,  pp.  299.    (Text-Books  of  Science.) 

This  work  can  hardly  be  regarded  as  a  "  Text-Book  of  Science ;" 
and  it  occiu's  oddly  enough  in  a  series  which  is  designed — amongst 
other  ends — for  the  use  of  boys  in  Public  Schools.  However,  that 
is  but  a  small  matter  ;  for  it  is  a  book  which  (we  doubt  not)  will 
greatly  interest  the  reading  public.  We  all  travel  by  railway,  and 
see,  but  by  no  means  understand,  a  variety  of  mechanical  con- 
trivances used  in  connexion  \nth  locomotion — signals,  of  which  we 
only  know  that  they  are  intended  to  convey  information  to  some-: 
botiy — handles,  of  which  we  only  know  that  they  are  to  be  pulled. 

Mr.  Barry  comes  in  and  enlightens  us  on  all  these  points  ;  tells 
us  how  the  permanent  way  is  formed  ;  describes  the  various  kinds 
of  sleepers,  chairs,  and  rails,  and  the  vays  of  fastening  them  to- 
gether; discourses  of  points  and  crossings,  signals,  and  train- 
describers,  turn  tables,  and  traversers,  lie  discourses  of  stations 
and  their  varieties,  whether  terminal  or  roadside,  whether  for  pas- 
sen  o^rs  or  for  goods,  and  fully  sets  forth  every  contrivance  con- 
nected with  them.  He  shows  how  those  famihar  objects  the  Pad- 
dington,  Enston,  and  Cannon-Street  Stations  illustrate  the  general 
principles  of  railway  arrangement ;  all  three  are  good,  in  his 
opinion,  though,  if  we  may  hazard  a  conjecture,  Cannon-Street  is 
the  station  he  loves  l)cst. 

Often  as  the  reader  must  have  been  at  that  famous  station,  the 
following  particulars  will  probably  be  new  to  him.    The  minimum 
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width,  says  oiir  author,  to  be  given  to  platforms  of  terminal  sta- 
tions admits  of  much  diiierence  of  opinion.  At  Cannon-Street, 
where  iand  was  extremely  expensive,  and  every  dimension  was 
carefully  apportioned,  "  the  platform  area  is  probably  mini- 
mized; but  the  station  accommodates  eiTiciently  a  very  large  mixed 
traffic  of  long-  and  short-journey  trains,  amounting  at  times  to  as 
many  as  400  trains  in  and  400  trains  out  in  a  working  day,"  To 
accommodate  this  enormous  amount  of  traffic,  there  are  an  eastern 
and  a  Avestern  platform,  each  being  13|  ft.  wide,  and  ha\iug  a  line 
of  rails  on  both  sides,  the  former  being  522  ft.,  the  latter  486  ft. 
long.  These  are  for  local  traffic ;  the  general  departure  platform 
for  main-line  traffic  has  a  line  of  rails  on  each  side,  and  is  19  ft. 
wide  and  66.5  ft.  long ;  the  general  arrival  platform  is  721  ft.  long, 
has  a  cab-road  through  the  middle,  and  a  line  of  rails  on  both  sides 
— as  appears  from  the  plan  (p.  194) ;  but  possibly  only  one  side  is 
commonly  used,  as  our  author'  describes  it  as  being  12  ft.  wide 
opposite  the  cab-road,  30  ft.  wide  beyond  it,  and  as  having  a  line 
of  rails  on  one  side  only. 

The  chapters  on  signals  and  on  the  block  system  are  those  to 
which  the  general  reader  will  be  likely  to  turn  vriih  most  interest ; 
these  bear  most  immediately  on  the  question  will  the  journey  be 
safely  made  or  not  ?  On  this  head  Mr.  Barry  has  good  ticlLugs 
for  him.  Lil-re  a  practical  man,  it  is  true,  our  author  scouts  the 
notion  of  absolute  safety  for  the  passenger ;  that  would  be  incon- 
sistent with  the  interests  of  the  company :  "  if  every  possible 
knox^ai  precaution  is  to  be  taken,  regardless  of  cost,  it  may  not  pay 
to  work  a  railway  at  all"  (p.  179).  But  shoi't  of  this  a  great  deal 
can  be  done.  A  nervous  traveller,  who  has  noticed  the  rails  and 
points  near  Cannon-Street,  will  take  courage  when  he  reads  the 
foUoA^ing  statement.  There  are,  it  is  true,  seventy  point  and  signal 
levers  capable  of  being  combined  in  many  millions  of  different 
ways,  all  dangerous  except  808  combinations  which  are  safe ;  all 
the  levers,  however,  are  brought  into  a  single  house  and  locked 
together  in  such  a  manner  that  no  combination  but  one  of  the  808 
can  possibly  be  made.  "  If  a  man  were  to  go  blindfold  into  a  sig- 
nal-box -uith  an  interlocking  apparatus,  he  might,  so  far  as  accord- 
ance between  points  and  signals  is  concerned,  be  allowed  with 
safety  to  pull  over  any  lever  at  random.  He  might  doubtless  delay 
the  traffic,  because  he  might  not  know  which  signal  to  lower  for  a 
particular  ti'ain,  but  he  could  not  lower  such  a  signal,  or  produce 
such  a  combination  of  position  of  points  and  signals,  as  Avould,  if 
the  signals  were  obeyed,  produce  a  collision.  The  results  of  the 
interlocking  principle  may  be  illustrated  by  the  example  of  a  piano 
or  organ,  constructed  in  such  a  way  that  no  notes  could  be  plaved 
on  it  which  are  not  in  harmony  with  each  other  "  (p.  113). 

Mr.  Barry  gives  a  lucid  account  of  the  Block  System — a  name 
which  the  system  will  doubtless  retain,  though  it  is  not  very  ap- 
propriate and  its  origin  is  doubtful, — and  of  the  modifications  by 
which  its  signals  are  adapted  to  different  circumstances.  Thus  at 
a  roadside  station  bell-signals  may  be  sufficient ;  but  these  would 
not  do  at  a  terminus  where,  as  at  Cannon-Street,  a  large  number 
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of  (say  twelve)  kinds  of  trains  have  to  bo  described  by  sigual. 
h\  such  a  case  an  elaborate  iustrument  called  the  train-describer 
has  to  be  used  (p.  158).  As  well  as  a  descriptiou  of  the  Block 
fSystem,  Mr.  Barry  gives  a  discussiou  of  the  advantages  which  it 
possesses  over  other  systems  ;  aud  his  conclusion  is  as  follows  : — 
"  Viewing  the  block  system  as  a  \\  hole,  it  may  be  safely  said  that 
it  has  the  advantage  of  being  perfect  in  princi])le  in  so  far  that  it 
renders  collisions  impossible  provided  it  be  carried  out  perfectly  ; 
whereas  the  system  of  time  signallhig,  even  granting  that  it  can  be 
carried  into  effect  without  a  flaw,  gives  no  absolute  security  against 
collisions  "  (p.  1G5). 

Perhaps  the  point  which  si  rikes  us  most  forcibly  when  reading 
such  a  book  as  that  before  us,  is  the  enormous  amount  of  ingenuity 
that  has  been  brought  to  bear  in  working  out  the  details  of  our 
present  S3''stem  of  locomotion.  The  need  for  a  large  part  of  the 
contrivances  actually  iu  use  could  not  possibly  have  been  foreseen ; 
it  could  ouly  have  come  into  view  as  the  system  was  being  gradu- 
ally worked  out.  Of  course,  therefore,  further  improvement  is 
still  possible ;  aud  if  by  any  chance  we  have  a  railway  manager 
among  our  readers,  we  would  earn estly  reconuu end  to  his  atteutioa 
the  folloNA'ing  suggestion.  "  Another  great  improvement  woidd  be 
in  paying  more  attention  to  distinguishing  the  trains,  or,  where 
necessary  separate  carriages,  by  1)oards  on  which  their  destination 
should  be  legibly  painted,  placed  in  positions  on  the  carriage  M'here 
the  boards  Mould  be  visible  when  the  train  is  standing  at  the  plat- 
form. This  is  particularly  necessary  on  the  metropolitan  and 
suburban  lines ;  but  the  notice  boards  on  the  carriages  are  usually 
very  indistinct,  as  if  railway  managers  ^^■ere  ashamed  of  them ; 
and  they  are  often  so  placed  that  they  cannot  be  seen  well  at  any 
time  and  scarcely  at  all  at  night "  (p.  280). 

IJ.verdses  in  Electrical  and  Mcuinetic  Measurement,  ivitli  Answers.  By 
E.  E.  Day,  M.A.  London:  Longmans,  Green  &  Co.,  1876 
(small  Svo,  pp.  120). 

This  book  contains  an  introduction  of  four  pages  on  the  units 
employed  in  Electrical  Measurements,  one  hundred  and  twelve 
pages  of  questions,  aud  an  appendix  of  answers.  The  questions 
are  about  GoO  in  number,  and  are  given  barely,  without  any  note  or 
comment.  The  answers,  with  very  few  exceptions,  are  numerical. 
The  questions  have  not  been  framed  as  exercises  for  the  ingenuity 
of  the  student,  but  are,  as  the  author  states,  short  descriptions  of 
experiments  illustrating  the  fundamental  laws  of  electricity  and 
magnetism,  and  are  for  the  most  part  based  upon  experimental 
work  actually  performed  in  the  laboratory  at  King's  College,  Lou- 
don. A  single  question,  taken  almost  at  random  as  a  specimen, 
will  show  what  the  book  is  better  than  a  long  description : — "A 
battery  of  10  similar  galvanic  cells  was  joined  up  iu  circuit  with 
a  voltameter,  and  it  was  found  that  80  cubic  centimetres  of  hy- 
drogen were  liberated  per  minute.  "When  an  additional  I'esistance 
of  15  ohms  Mas  introduced  into  the  circuit,  the  volume  of  hy- 
drogen liberated  per  minute  was  reduced  to  50  cubic  centimetres. 
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riud  the  electromotive  force  of  one  cell  of  the  battery "  (p.  67). 
It  ^A■ill  be  vcqW  to  add  that  in.  the  problems  the  author  has  "  almost 
exclusivelv  employed  the  nomenclature  and  the  system  of  units 
recommended  by  the  Committee  of  the  British  Association."' 
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March  23,  1876.— Dr.  J.  Dalton  Hooker,  C.B.,  President,  in  the 

Chair. 

npJIE  following  paper  was  read  : — 

■*-  '•  On  the  Xature  of  the  Force  producing  the  Motion  of  a  Eody 
exposed  to  Rays  of  Heat  and  Light."  By  Arthur  Schuster,  Ph.D., 
Demonstrator  in  the  Physical  Laboratory  of  Owens  College. 

Mr.  Crookes  has  lately  dra^'n  attention  to  the  mechanical  action 
of  a  source  of  Hght  on  delicately  suspended  bodies  in  vacuo  ;  I  have 
made  a  few  experiments  which  will,  I  think,  throw  some  light  on 
the  cause  of  the  phenomenon,  and  assist  us  in  the  explanation  of  the 
manifold  and  striking  experiments  made  by  Mr.  Crookes. 

"WTienever  we  observe  a  force  tending  to  drive  a  body  in  a  cer- 
tain direction,  we  are  sure  to  iind  a  force  equal  in  amount  acting  in 
the  opposite  direction  on  the  body  from  winch  the  force  emanates. 
It  was  with  the  view  of  fiindiiig  the  seat  of  this  reaction  that  I  have 
made  a  few  experiments. 

If  the  force  is  directly  due  to  radiation,  the  reaction  will  be  on  the 
radiating  body;  if,  on  the  other  hand,  it  is  due  to  any  interior  action, 
such  as  the  one  suggested  by  Prof.  Eeynolds,  the  reaction  will  be 
on  the  enclosure  of  the  moving  bodies.  I  have  been  able  to  test  this 
by  experiment,  and  I  have  found  that  the  action  and  reaction  is  en- 
tirely between  the  hght  bodies  suspended  in  vacuo  and  the  exhausted 
vessel. 

The  instrument  best  fitted  for  an  experimental  investigation  of 
this  kind  is  the  one  which  has  been  called  "  radiometer "'  by  Mr. 
Crookes.  These  instruments  have  been  made  in  great  perfection  by 
Dr.  Geissler,  of  Bonn,  under  the  name  of  "  light-mills."  Thanks 
to  the  courtesy  of  Prof.  Bepiolds,  I  have  been  enabled  to  work 
with  such  an  instrument.  The  "  light-mill "'  vras  suspended  by  means 
of  two  cocoon  fibres,  forming  a  bitilar  suspension,  from  the  top  of  a 
vessel  which  could  be  exhausted.  A  shght  movement  of  the  enclo- 
sure coidd  be  easily  detected  by  means  of  a  concave  mirror  attached 
to  it.  A  beam  of  the  oxyhydrogen  lamp  was  concentrated  on  the 
light-mill,  which  then  revolved  about  200  times  a  minute. 

The  light  was  cut  off  at  the  beginning  of  the  experiment  by 
means  of  a  screen,  and  the  position  of  rest  of  the  glass  vessel  was 
read  off  by  means  of  the  dot  of  light  on  the  scale.  The  screen  was 
then  suddenly  removed,  and  in  every  case  a  large  deflection  of  the 
glass  vessel  was  observed.  The  vessel  was  deflected  in  the  opposite 
direction  to  that  in  which  the  mill  turned.     When  the  velocity  of 
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the  null  had  become  constant,  the  vessel  returned  to  its  original 
position.  On  suddenly  cutting  off  the  light  the  vessel  \\as  again 
deflected,  but  iji  the  opposite  direction  to  Ihat  on  starting  the  experi- 
ment. The  vessel  therefore  now  turned  in  the  same  direction  in 
which  the  mill  turned. 

These  experiments  are  easily  explained  on  the  assumption  that  the 
force  acting  on  the  vessel  enclosing  the  light-mill  is  exactly  equal 
and  opposite  to  that  acting  on  the  mill  itself.  AV'hile  the  velocity 
of  the  mill  in  one  direction  is  increasing,  a  force  acts  in  the  oppo- 
site direction  on  the  vessel.  AV'hen  the  velocity  has  become  con- 
stant, the  force  which  tends  to  drive  the  mill  round  is  exactly 
counterbalanced  by  the  resistance  which  opposes  the  motion  of  the 
mill.  The  two  forces  acting  on  the  vessel  will  therefore  counter- 
balance, and  the  vessel  will  return  to  its  original  position  of  rest. 
When  the  light  is  cut  off,  the  resistance  \\ill  stop  the  motion  of 
the  mill.  The  reaction  of  the  resistance  will  act  on  the  enclosure, 
and  the  enclosure  will  turn  in  the  same  direction  as  the  miU. 

By  means  of  the  reaction  on  the  enclosure  I  have  been  able  to 
calculate  the  strength  of  the  force;  and  I  have  found  that  the  pres- 
sure on  a  surface  on  which  light  of  equal  intensity  to  that  used  in 
my  experhnents  falls,  is  equal  to  that  produced  by  the  weight  of 
a  lilm  of  water  on  a  horizontal  surface  equal  in  thickness  to  the 
length  of  a  wave  of  violet  light. 

March  30.— Dr.  J.  Dalton  Hooker,  C.B.,  President,  in  the  Chair. 

The  following  paper  was  read  : — 

"  The  Eesidual  Charge  of  the  Levden  Jar."  Bv  J.  Hopkinson, 
M.A.,  D.Sc. 

1.  If  it  be  assumed  that  a  dielectric  under  electi-ic  induction  has 
every  element  of  volume  of  its  substance  in  an  electropolar  state, 
and  also  that  dielectrics  have  a  property  analogous  to  coercive  force 
in  magnetism  whereby  time  is  requisite  for  the  development  or  de- 
cav  of  this  electropolar  state,  an  explanation  of  the  residual  charge 
of  the  Levden  jar  easily  follows.  Adding  the  hypothesis,  which  at 
first  sight  appears  most  probable  to  connect  the  induction  and 
polarization  with  the  time  by  two  differential  equations,  it  follows 
that  the  potential  E  of  a  Leyden  jar  when  insulated  may  be  ex- 
pressed in  the  form  E=(A  +  Be-'^0«~''*^'»  where  \  and  /i  are  con- 
stants for  the  material,  and  A  and  B  depend  on  the  previous  states 
of  the  dielectric. 

2.  Observations  made  with  the  quadrant  electrometer,  the  con- 
denser being  a  Florence  flask  containing  sidphuric  acid,  shows  that 
E  cannot  be  so  expressed.  Glass  is  a  mLxture  of  different  silicates, 
and  it  may  be  supposed  that  each  substance  is  capable  of  indepen- 
dently being  electropolar ;  there  will  thus  be  E  and  more  than  one 
polarity  to  be  connected  vrith  the  time  by  more  than  two  differential 
equations.      3Iaking  a  similar  obvious  hypothesis  regardiug  these 

r       ^ 

relations,  E  must  be  expressed  in  the  form  S  A^^e--^''.     If  this  be 

0 

so,  it  would  probably  be  possible  to  charge  a  Leydeu  jar  in  such  a 
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way  that  the  sign  of  the  return  charge  after  discharge  and  insula- 
tion should  change  once  or  more. 

3.  This  anticipation  was  verified  by  charging  the  flask  altei'nately 
positively  and  negatively  for  successively  decreasing  periods.  The 
author  learned  after  malving  this  verification  that  Sir  William 
Thomson  had  tried  similar  experiments  before,  but  had  never 
formally  published  them. 

4.  The  analogy  between  coercive  force  in  magnetism  and  the 
electro-coercive  force  suggested  that,  as  mechanical  agitation  shakes 
out  the  magnetism  from  a  magnet,  so  it  might  shake  down  the 
electropolar  state  of  a  dielectric  and  unmask  residual  charge  more 
rapidly  than  is  the  case  in  quiescence.  This  -s^as  found  to  be  the 
case ;  a  residual  charge  manifests  itself  in  the  flask  more  rapidly 
when  the  flask  is  tapped  than  when  it  is  quiet.  It  was  also  found 
that  that  portion  of  the  return  chai'ge  which  comes  out  last  is  more 
accelerated  by  vibration  than  that  which  comes  out  first,  and  that, 
after  tapping,  the  flask  was  less  susceptible  to  the  effect  of  tapping 
than  it  \a  as  before  it  was  touched. 

5.  Experiment  shows  that,  after  a  return  charge  has  attained  a 
maximum  and  is  decreasing  by  conduction  through  the  glass,  the 
loss  per  cent,  per  unit  of  time  does  not  continuously  increase  from 
zero  at  the  point  of  maximum  potential  but  may  presently  decrease. 

6.  Sir  AVilliam  Thomson  explained  specific  inductive  capacity  by 
supposing  every  part  of  the  dielectric  to  be  electropolar  under  in- 
duction ;  by  introducing  time  into  that  explanation,  it  is  made  to 
cover  both  specific  inductive  capacity  and  that  on  which  residual 
charge  depends  as  respectively  rapid  and  slow  cases  of  similar  phe- 
nomena. 
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June  21st,  1876.— Prof.  P.  Martin  Duncan,  M.B.,  F.E.S.,  President, 
in  the  Chair. 

The  following  communications  were  read : — 

1.  "  Ou  the  Ice-Fjords  of  Xorth  Greenland  and  on  the  formation 
of  Fjords,  Lakes,  and  Cirques  in  Xorwav  and  Greenland."  B\- 
M.  A.  Ecllaud. 

The  author  described  in  great  detail  his  observations  on  the 
glacial  phenomena  of  Greenland,  and  applied  their  results  to  the 
consideration  of  the  traces  of  glacial  action  exlaibited  in  Xorwav. 
He  stated  that  the  glacier  of  the  Jacobshavn  fjords,  moving  on  a 
slope  of  only  |°,  advances,  at  all  events  in  summer,  at  from  14-20 
to  19-77  metres  per  day,  the  maximum  movement  being  about 
64  feet  per  day.  In  all  cases  where  the  glaciers  terminate  in 
fjords,  and  the  formation  of  the  latter  is  due  to  glacial  action,  it  is 
found  that  the  mouth  of  the  fjord  is  shallow,  with  an  island  or 
islands  bearing  erratic  blocks,  whilst  the  interior  is  much  deeper 
even  than  the  sea  outside.     The  same  characters  are  observed  in  the 
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Xorwcpfinn  fjords.  From  a  consideration  of  tho  height  at  ■\vliich 
these  bouUler.s  oecur  on  islands  at  tho  mouth  of  the  latter,  the 
author  estimates  the  thickness  of  some  of  tlio  glaciers,  to  which  ho 
attributes  the  formation  of  tho  fjords,  and  arrives  at  thicknesses 
varying  from  2040  to  7010  feet.  The  author  remarks  that  fjords, 
lakes,  and  cirques  arc  always  met  with  in  glaciated  regions,  and 
exi)lains  their  formation  by  tho  action  of  ice.  His  view  of  the 
course  of  events  in  Norway  is  as  follows  : — JJcfore  the  Glacial  epoch 
thousands  of  streams  commenced  the  worlc  of  erosion  and  produced 
valleys.  During  the  Glacial  epoch  these  valleys  were  enlarged  and 
lake-basins  were  hollowed  out.  Tho  descending  glaciers  ground 
out  fjords  to  their  full  length  when  the  Glacial  epoch  was  at  its 
highest ;  but  as  it  declined  the  glaciers  ground  out  the  inner  part 
to  a  still  greater  depth,  producing  the  present  characters  of  the 
marine  fjords,  and  giving  rise  to  lake-hollows  in  other  places. 
That  the  glaciers  once  extended  beyond  the  fjords  is  shown  by 
moraine- matter  being  dredged  up.  Some  of  the  sea-banks  and 
islands  off  Christiania-fjord  are  old  moraines  ;  and  if  Norway  should 
bo  raised  400  metres,  these  banks  would  show  as  moraines  and 
plains  before  the  lake-basins  of  the  fjords. 

2.  "  Ou  the  Drift  of  Brazil."  By  C.  lioyd  Morgan,  Esq.,  F.G.S., 
Assoc.E.S.M. 

The  author  described  the  position  and  mode  of  occurrence  of  large 
boulders  of  gneiss  and  granite  in  the  red  drift  of  Brazil  and  on  the 
slopes  of  hills  even  at  considerable  elevations,  and  stated  that,  like 
Professor  Agassiz,  he  could  not  see  how  these  could  have  been  trans- 
ported to  their  present  positions  except  by  the  agency  of  ice.  At 
the  same  time  he  stated  that  none  of  these  boulders  exhibit  any 
glacial  scratches,  nor  are  any  such  markings  perceptible  on  exposed 
rock-surfaces  ;  their  absence  on  the  latter  he  thought  might  be  due 
to  weathering.  The  surface  of  the  gneiss  on  which  the  red  drift 
lies,  however,  is  moufonnee.  The  author  remarked  with  regard  to 
the  great  glacier  which  Prof.  Agassiz  imagined  to  have  filled  the 
valley  of  the  Amazons,  that  the  Andes  from  which  he  supposed  it 
to  have  come,  are  more  than  1500  miles  from  llio,  and  that  right 
across  the  country  there  stretches  an  almost  continuous  series  of 
mountains  and  hills.  He  also  called  attention  to  the  existence  of 
mountains  in  eastern  Brazil  of  sufficient  height  to  have  nourished 
glaciers,  but  at  the  same  time  rc.aarked  that  the  question  of  the 
origin  of  the  supposed  glaciers  cannot  be  satisfactorily  answered 
until  the  boulders  foimd  in  the  clay  have  been  traced  to  their  sources. 
For  his  own  part  he  is  inclined  to  believe  tliat  the  drift,  if  of  glacial 
origin,  was  not  formed  by  glaciers  taking  their  rise  in  any  of  the 
peaks  indicated  by  him,  but  by  an  almost  universal  South- 
American  ice-sheet. 
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XL.  Intelligence  and  Miscellaneous  Articles. 

ON  THE  PHOTOMETRY  OF  COLOURED  FLAMES.      BY  M.  GOUY. 
T^HE  photometric  process  of   which  the  description  forms  the 
-*-     subject  of  this  Xote  permits  us  to  measure  Avith  facility  the 
brightness   of  the  various  lines  constituting  the  spectrum  of  co- 
loured flames. 

When  a  source  of  light  is  examined  with  the  spectroscope,  a 
spectrum  is  seen  of  which  the  brightness  varies  according  to  the 
point  considered,  the  nature  of  the  source,  and  the  width  of  the 
slit.     The  luminous  inteusitv  in  a  point  of  the  spectrum  is  ex- 

pressed  bv  the  integral  I-  \     ^'^X. 

.  .       «^^> 
In  this  formula,  i  is  the  intensity  or  the  ray  whose  wave-length 

is  \,  emitted  by  the  source ;  I'  is  a  coefficient  depending  on  the 

construction  of  the  apparatus  and  the  loss  of  light  by  absorption 

and  reflection ;  Xj  and  A^  are  two  wave-lengths  such  that  a  source 

which  emitted  only  those  two  rays  would  give  in  the  spectroscope 

two  lines  in  contact  whose  common  margin  would  pass  through 

the  point  considered. 

If  we  project  upon  the  slit  of  the  spectroscope,  supposed  verti- 
cal, the  image  of  a  Babinet's  compensator  arranged  so  as  to  give 
horizontal  fringes,  illuminatiug  it  by  two  luminous  pencils  polarized 
at  a  right  angle  and  emitted  by  two  dilferent  sources,  a  spectrum 
vrill  be  produced  streaked  v^ith  horizontal  fringes.  Each  of  the 
sources  will  gi\e  a  system  of  fringes ;  and  the  dark  fringes  of  the 
one  system  being  superposed  to  the  bright  ones  of  the  other,  the 
portions  of  the  spectrum  in  which  the  preceding  integral  has  the 
same  value  for  both  soin-ces  will  alone  preserve  their  usual  aspect. 
By  varying  in  a  known  ratio  the  intensity  of  the  light  emitted  by 
one  of  the  sources,  we  shall  be  able  to  measure  the  brightness  of 
the  different  parts  of  the  specti'um  which  it  produces.  If  it  gives 
a  line- spectrum,  the  slit  is  to  be  opened  sufficiently  for  the  lines 
to  become  broad  bauds ;  this  will  make  the  observation  easier. 

The  apparatus  is  arranged  thus : — In  front  of  the  slit  of  a 
spectroscope  is  placed  the  photometer,  v/hieh  comprises  the  follow- 
ing pieces,  ranged  in  a  straight  line  in  the  axis  of  the  collimator: — 
an  achromatic  lens  ;  a  Xicol  \\ith  its  principal  section  horizontal ; 
a  piece  similar  to  a  Babinet  compensator,  in  which  the  axes  of  the 
quartz  prisms  are  at  45°  from  the  fringes,  which  are  horizontal ; 
.in  achromatized  spar  prism,  of  whicib  the  principal  section  is 
horizontal :  a  Xicol  movable  at  the  centre  of  a  graduated  circle ; 
and  a  lens. 

Between  the  spar  prism  and  the  last  Xicol  the  tube  carries  a 
lateral  branch  at  a  right  angle,  which  contains  a  total-reflection 
prisin  and  a  lens.  A  flame  being  placed  before  this  lateral  branch, 
the  light  vrhich  is  not  shopped  by  the  diaphragms  passes  through 
the  spar  as  the  extraordinary  ray ;  the  contrary  takes  place  for°a 
flame  placed  before  the  movable  Xicol.  The  two  flames  thus  give 
complementary  fringes,  the  image  of  which  is  thro\vn  upon  the  slit 
of  the  spectroscope  and  passes  into  the  spectrum. 
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By  putting  a  lamp  iu  the  place  of  the  slit  of  the  spectroscope 
aiul  following  the  rays  w  hich  have  passed  through  the  photometer, 
one  can  see  what  points  of  the  space  can  send  light  into  the  spec- 
troscope, and  couseijueutly  regulate  the  apparatus.  These  rays 
form  a  condensed  pencil  with  a  diameter  of  less  than  5  millims. 
and  length  of  20  centims. 

The  flames  which  I  employed  were  produced  in  the  manner 
following.  Air  compressed  to  l-o  atmosphere  issues  tlu-ough  au 
adjutage,  above  which  is  fixed  the  tapering  end  of  a  glass  tube, 
the  other  extremity  of  which  dips  into  a  saUne  solution  ;  the  solu- 
tion is  aspirated  and  reduced  to  a  very  fine  powder.  The  illumi- 
nating gas  is  aspirated  at  the  same  time,  mixes  with  the  air  and 
the  saline  powder,  and  buims  above  a  metallic  gauze.  The  blue 
part  of  the  flame  (which  gives  the  lines  of  carbon)  rises  2  or 
3  millims.  abo\-e  the  gauze  ;  the  flame  is  afterwards  homogeneous 
and  but  little  reducing ;  it  forms  a  cone  8  centims.  in  height  by 
2  iu  diameter.  It  v.as  towards  the  base  that  my  observations  were 
made  iu  the  experiments,  of  which  I  have  now  to  speak. 

The  object  of  these  was  to  seek  the  mean  intensity  of  the  rays 
which  constitute  the  lines  of  the  spectrum  of  coloured  flames.  Let 
I-  be  a  constant,  i  the  intensity  of  the  ray  of  wave-length  X,  X,  and 
K  two  wave-lengths  selected  on  one  side  and  on  the  other  of  the 
line  considered,  the  brightness  of  this  line  Mill  be  equal  to 


:=/.|  \v 


If  I  place  near  the  flame  a  min-or  of  reflecting-power  E,  arranged 
so  that  the  same  pai't  of  the  flame  sends  its  light  into  the  photo- 
meter direct  and  after  reflection,  the  reflected  rays  will  meet  with 
the  flame  at  the  place  to  which  they  have  been  emitted  ;  the  bright- 
ness of  the  line  becomes 

I' = ( 1 + Ji)i-  ]    id\  -  m-  ]    iM\ , 

supposing  that  the  unit  chosen  was  the  intensity  of  the  ray  of  the 
same  wave-length,  emitted  by  a  substance  with  absolute  absorptive 
power  and  raised  to  the  temperature  of  the  flame,  and  applying  the 
principle  of  the  equality  of  the  powers  of  absorption  and  emission, 
whence 
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\~i'd\ 

iJa. 
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this  is  the  ordinate  of  the  centre  of  gravity  of  the  area  included 
between  the  axis  of  the  X's  and  the  curve  formed  by  erectmg  at  each 
point  of  this  axis  an  ordinate  equal  to  i.  This  height  of  the  centre 
of  gravity  mav  vary  from  0  to  | ;  and  its  value  indicates  which  are 
the  dominant  radiations. 

The  experiments  have  shown  that  the  narrow  lines  (sodium,  thal- 
lium, lithium,  the  blue  line  of  strontium)  have  a  centre  of  gravity 
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elevated  and  near  the  ordinate  0-3.     Its  height  increases  but  little 
with  the  brightness  of  the  flame. 

The  following  are  the  numbers  found  for  lithium  : — 

Brightness.  Height. 

6-13      0-29 

4-6        0-285 

2-G        0-275 

Tor  sodium  the  brightness  varied  from  1  to  15,  and  the  height 
from  0'2S  to  0-30.  It  is  seen  that  the  augmentation  of  the  bright- 
ness is  effected  chiefly  by  the  widening  of  the  lines. 

On  the  other  hand,  the  nebulous  lines  (a,  y,  and  Z  of  strontium, 
a,  and  /3  of  calcium)  ha"\'e  a  centre  of  gra\ity  of  which  the  height  is 
comprised  between  0  and  0-03.  It  is  probable  that  the  centre  of 
gravity  rises  when  the  brightness  is  increased;  but  my  experiments 
are  too  incompleie  to  enable  me  to  affirm  any  thing  on  this  pomt. 
— Comj)tes  liendus  de  VAcademie  des  Sciences,  vol.  Ixxxiii.  pp.  269- 
272.  

XEW  MINERALS. 

Professor  C.  U.  Shepard  has  named  and  partially  described  the 
following  new  species  : — 

Vanuxemite. — Occurs  in  small  irregixlar  patches  scattered  through 
a  firm  ochry  aggregate,  proceeding  from  the  decomposition  of 
several  zinc  ores.  Massive,  impalpable,  with  an  even  or  conchoidal 
fracture.  Colour  white,  dull.  H.  =  2-5-3,  Gr.  =2-5.  Does  not 
adhere  to  the  tongue,  but  emits  a  feeble  clayey  odour  on  being 
breathed  upon.  B.  B.  fuses  readily  to  an  opaque  enamel.  Com- 
position SiO,35-Gl-,  AIO3 11-70,  ZnO  32-48-36,  H.,0  14-80-19-88 
=  99-70.     Locality,  Sterling  Hill,  X.  J. 

Keatingine.—ConsidQVQdi  '•  probably  a  new  species."  Closely  re- 
sembles i'owlerite  in  crystalline  structure,  but  angles  obtained  on 
cleavage  prisms  64°  and  116°.  Does  not  lose  lustre  on  weathering. 
H.  =4-5-5,  Gr.  =3-33.  B.  B.  fuses  to  a  reddish  semitransparent 
glass.  Composition  SiO,  47-8,  MnO  27-7,  ZnO  5-6,  CaO  18-0, 
H^  0  0-8=99-9.  Locality,  Franklin,  X.  J.,  Mhere  it  was  fotind  in 
a  mass  of  yellow  garnet. 

Calcozincite. — Massive,  fine-granular  ;  interpenetrated  with 
fibres  of  asbestus  and  Sussexite.  Lustre  ^"itreous.  Colour  fight 
orange-red.  Streak  lemon-yellow.  Translucent.  H.  =  3-5, 
G.  =  3-95.  Effervesces  sfightlv  -n-ith  acid.  B.  B.  blackens.  Com- 
position ZnO  81-00,  CaO  7-56,  CO,  5-80,  H,04-26,  MuOtr=98-62. 

Euchlorite. — Massive,  in  coarse  elongated  scales.  Colotu-  light 
olive-green.  Powder  pale  green.  Lustre  subpearly.  H.  =2-5— 3, 
Gr.  =  2-71.  B.  B.  fuses  with  difficulty  on  thin  edges  to  a  greenish- 
grey  enamel.  Decomposed  bv  sulphiu'ic  acid.  Composition  SiO^ 
35-51-3S-46,  AIO3  6-»U,  FeO  15-52,  (MgO  38-07),  H,  0  6-10, 
100.  Locality,  Chester,  Mass.,  where  it  occurs  in  a  layer  on  both 
sides  of  an  extensive  vein  of  albite. 

Pelhamine. — Forms  irregtilar  seams  and  masses  sometimes  a  foot 
thick  at  the  asbestus-mine  at  Peiham,  Mass.  Sesembles  a  black 
serpentine  closely.  Almost  without  lustre.  Powder  dark  greenish 
grey.     H.  =5-0,  G.  =2-9-3-2.      B.  B.  infusible.     Composition 
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SiO,  38-40,  AIO3  2-80,  FeO  15-o2,  (MgO  39-88,)  H,C)  3-40=100. 
— Silliinan's  American  Journal,  September  1870. 


ON  THE  INFLUENCE  OF  SONOROUS  VIBRATIONS  UPON  THE 
RADIOMETER.   BY  J.  JEANNEL. 

I  have  ascertained  that  the  rotatory  moNements  of  the  raclio- 
iiieter  can  be  detenninod  by  certain  sonorous  vibrations.  In  re- 
gard to  this  I  have,  in  conjunction  with  M.  Conlier  and  M.  Alver- 
gniat,  made  various  experiments,  of  which  1  think  I  ought  to  render 
an  account  to  the  Academy. 

In  semiobscurity  tliree  radiometers  A,  B,  C,  of  unequal  sensi- 
tiveness and  at  perfect  rest,  were  placed  on  the  inner  shelf  of  a 
saloon- organ.  The  bass  notes  (those  of  the  first  three  octaves) 
determined  the  rotation-movements.  The  deepest  bass  notes  have 
the  greatest  action ;  nevertheless  the  fa  and  the  fa  sharp  of  the 
lower  octave,  especially  Avith  the  bourdon  stop,  produce  the  most 
rapid  rotation.    Ut,  re,  and  uil,  though  deeper,  ha^e  much  less  action. 

The  radiometers  do  not  all  behave  in  the  same  way  as  regards 
the  speed  and  the  direction  of  their  rotations.  Thus,  through  the 
effect  of  /((  or  /'(  sharp  of  the  lower  octave,  radiometer  A  (the 
least  sensitive  to  light )  rotates  \^■ith  the  velocity  of  about  one  turn 
per  second,  with  the  black  faces  of  the  vanes  in  iront — that  is  to 
sav,  the  inverse  of  the  motion  produced  by  light ;  B  and  C  (more 
sensitive  to  light)  turn  more  slowly,  and  in  the  direction  of  the 
light-produced  motion,  viz.  with  the  bright  faces  in  front. 

These  facts  I  propose  to  explain  thus.  As  certain  notes  pro- 
duce no  effect,  it  is  evident  that  the  needle  which  forms  the  internal 
support  of  the  revolving  arms  must  be  able  to  vibrate  in  unison 
with  the  notes  of  the  organ  in  order  that  the  rotatory  movement 
mav  be  produced.  Certain  vibrations  of  the  organ-shelf,  trans- 
mittt'd  to  the  needle,  communicate  to  it  cu'cular  or  angular  vibra- 
tions, from  which  results  the  rotation  of  the  arms  which  it  supports. 
AVhat  appears  to  demonstrate  that  this  explanation  is  well  founded 
is.  that  on  pressing  the  soft  part  of  the  linger  upon  the  top  of  the 
radiometer  we  prevent  it  from  vibrating,  and,  at  the  same  time, 
from  turning. 

The  shelf  of  a  piano  produces  similar  effects,  but  in  a  less  degree. 

AVhen  the  above  experiments  are  tried  in  a  medium  where  the 
diffused  light  is  nearly  sufficient  to  stai't  the  radiometei-,  even  the 
feeblest  deep  sounds  determine  the  rotation  in  the  usual  direction : 
the  roll  of  the  vehicles  is  sufficient. 

Here  the  explanation  presents  itself  to  the  mind  spontaneously. 
The  arms  undergo  the  impulsion  of  the  force  which  is  to  put  them 
in  motion  ;  but  this  force  is  counterbalanced  by  the  friction  of  the 
top  piece  upon  the  point  of  the  needle  ;  no  motion  can  take  place. 
But  if  the  vibrations  interpose,  the  top  piece,  raised  above  the 
needle-point  and  thus  removed  from  friction  during  a  certain  space 
of  time,  can  obey  the  impulse.  Hence  it  results  tliat  under  the 
inlluence  of  the  vibrations  the  radiometer  appears  much  more 
sensitive  to  light  than  when  it  is  at  rest. — Conq^tes  Bendus  de 
lAcademie  des  >Sclcnces,  vol.  kxxiii.  p.  445. 
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XLI.   On  a  Method  of  Measuring  the  Contour  of  Electric  Waves 
passing  through  Telegraph  Lines.     By  Robert  Sabeste*. 

YARIOUS  methods  have  during  the  last  forty  years  been 
suggested  and  put  in  practice  with  the  \\q^y  of  ascertain- 
ing the  time  which  elapses  between  starting  electricity  into  one 
end  of  a  conductor,  and  the  instant  when  the  advancing  wave 
acquires  strength  to  do  the  work  necessary  to  give  some  indi- 
cation at  the  other  end. 

Sir  William  Thomson,  in  his  admirable  paper  on  the  "  Theory 
of  the  Electric  Telegraph,"  has  clearly  shown  that,  in  any  form  of 
conductor  with  any  given  receiver,  the  time  required  for  a  wave 
to  give  a  signal  is  dependent  upon  the  induction  and  the  resist- 
ance of  the  line,  or  what  is  termed  its  "  retardation."  It  may  also 
be  stated  that,  with  any  given  line,  this  time  is  dependent  both 
upon  the  sensitiveness  and  the  resistance  of  the  indicating- 
instrument  ;  by  decreasing  the  sensitiveness  or  by  increasing 
the  resistance  interposed  by  the  instniment,  the  observed  time 
is  increased.  Professor  Wheatstone,  in  his  celebrated  expe- 
riment with  the  rotating  mirror,  measured  the  time  which 
the  discharged  contents  of  his  Leyden  jar  required  to  gather 
tension  enough  to  spring  over  one  tenth  of  an  inch  of  air  after 
it  had  passed  through  440  yards  of  copper  wire.  Had  he  in- 
creased the  length  either  of  the  spark  or  of  the  copper  wire,  he 
would  necessarily  have  increased  the  observed  time  also.  To- 
day any  attempt  to  measure  the  velocity  of  an  electric  wave 
by  frictional  electricity  would  scarcely  be  expected  to  afford 

*  Communicated  by  tlie  Author. 
Phil  Mag.  S.  5.  Vol.  2.  No.  12.  Nov.  1876.  Y 
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exact  results,  the  sensitiveness  of  such  a  means  of  indication 
boinfr  more  than  a  thousand  times  less  than  that  of  even  a 
Morse  maonet.  But  this  beautiful  experiment  was  made 
before  Morse  magnets  were  invented,  and  tifteen  years  before 
a  submarine  cable  was  attempted,  from  which  date  exacter 
knowledge  has  been  acquired  of  the  principles  involved ;  and 
much  more  delictite  methods  have  consequently  been  devised. 
In  all  these  methods,  however,  the  same  rule  holds  good  : 
some  work  has  to  bo  performed  by  the  current,  either  in 
moving  a  magnet  or  in  neutralizing  some  given  amount  of 
opposite  electricity ;  and  it  is  only  when  this  performance  is 
completed  that  the  indication  is  received. 

It  is  obviously  impossible  to  divide  the  length  of  wire  ope- 
rated upon  by  the  time  required  to  indicate  a  signal,  and  to 
call  the  quotient  the  "  velocity  of  electricity  "  or  even  "the 
velocity  of  a  wave."  Nor  would  any  statement  of  time  under 
such  circumstances  be  complete  without  all  the  data  being 
given  of  resistance  and  inductive  capacity  of  the  line,  and  of 
resistance  and  of  some  relative  constant  of  sensitivity  of  the 
indicating  instrument.  In  all  the  older  experiments  these  data 
were  omitted,  and  we  can  only  make  an  approximate  estimate 
of  them  in  most  cases.  When  we  do  so  and  reduce  the  results 
to  some  imaginary  line  of  unit  resistance  and  unit  inductive 
capacity,  we  find  the  reduced  times  agree  for  those  with  similar 
indicating  systems.  Where  this  Avas  not  the  case,  the  reduced 
times  are  found  to  correspond  with  the  relative  degrees  of  sen- 
sitiveness of  the  indicating  systems  employed*. 

I  have  lately  devised  the  following  method,  by  which  the 
electrical  state  of  any  given  point  in  a  line  may  be  examined 
quantitatively  at  intervals  of  yooo  ^^  ^  second  or  less  after 
starting  the  electric  impulse,  so  that  the  exact  contour  of  a 
wave,  from  the  first  instant  of  its  gaining  sufficient  strength  to 
move  a  delicate  mirror-galvanometer,  may  be  measured  from 
point  to  point  to  its  maximum,  and,  if  required,  to  its  gradual 
disappearance.  And  by  this  method  it  becomes  possible  also 
to  ascertain  the  speed  of  a  wave,  by  observing  the  time  which 
is  taken  for  any  given  part  of  it  to  pass  between  two  given 
points  in  the  line. 

This  method  is  in  principle  as  follows  : — The  conductor  or 
line,  a  b  (fig.  1),  is  furnished  at  one  end  (a)  vn\h.  a  contact- 
key,  e,  which  can  be  pressed  upon  the  contact-stud  g,  and 
puts  in  circuit  the  battery  B,  one  pole  of  which  is  attached  to 
an  earth-plate  E  ;  at  the  other  end  {h)  the  contluctor  is  put 
to  a  second  earth-plate  (E').     Some  intermediate  point,  c,  is 

*  A  tabulated  statement  of  the  reduced  times  from  all  the  older  mea- 
surements may  be  found  in  the  *  Telegraph  Journal '  (1^73),  vol.  i.  p.  186. 
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put  into  connexion  with  a  contact-stud  m,  against  which  the 
key  (Z)  presses.    To  I  is  connected  one  side  of  an  accumulator, 

Fiff.  1. 


/t' 


i-^ 


®    ^' 


E' 


A,  the  other  side  of  which  is  put  to  earth  (E').  A  second 
contact-studj  n,  connected  through  a  galvanometer  to  the  earth 
side  of  the  accumulator,  allows  the  latter  to  be  discharged  and 
the  potential  of  its  contents  ascertained  at  any  moment.  The 
potential  of  the  accumulator  (whose  capacity  must  be  small 
in  comparison  with  the  capacity  of  the  line),  whilst  in  contact 
with  the  point  c,  may  be  assumed  to  be  identical  with  that  of  c ; 
so  that  by  depressing  the  key  I  the  excursion  of  the  galvano- 
meter-needle indicates  the  electrical  state  which  c  had  at  the 
instant  that  I  was  separated  from  m.  Now  suppose  an  appre- 
ciable time  to  be  required  for  any  recognizable  strength  of 
wave  to  travel  from  a  to  c ;  if  the  key  e  be  depressed  and 
make  contact  with  g  at  the  instant  I  is  separated  from  m^  it  is 
e\ddent  that  (no  alteration  having  taken  place  in  the  potential 
at  c)  no  movement  of  the  galvanometer  will  be  observed.  If, 
however,  the  key  e  be  held  down  some  time  before  I  is  sepa- 
rated from  ni,  electricity  will  flow  through,  and  each  point 
along  the  resistance  a  h  will  assume  the  potential  due  to  its 
position,  from  />  (at  a)  to  zero  (at  li),  as  indicated  by  the  dia- 
gonal. The  discharge  of  the  accumulator  will  then  give  an 
excursion  of  the  needle  proportional  to  the  potential  (/)i)  of  the 
point  c.  After  contact  of  the  battery  at  a,  every  point  in  the 
conductor  takes  a  certain  time  before  it  attains  the  maximum 
potential  due  to  its  position.  By  gradually  increasing  the 
time  which  elapses  between  the  contact  of  e  with,  g  and  the 
break  between  I  and  m,  the  potential  which  the  point  c  from  in- 
terval to  interval  attains  being  observed,  the  contour  of  the 
wave  is  found.  The  point  c  may  of  course  be  chosen  in  any 
position  between  a  and  h,  to  suit  the  galvanometer  or  otherwise. 
By  a  slight  modification,  the  time  which  the  neutral  point 
Y2 
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between  two  waves  of  opposite  sign  takes  to  arrive  at  c  may 
be  determined,  and  at  the  same  time  the  contour  of  the  vanish- 
inn;  and  increasing  waves.  For  this  purpose  it  is  necessary  to 
furnish  the  key  (e)  at  the  end  («)  of  the  conductor  with  a  second 
contact-stud,  g'  (fig.  2),  in  connexion  with  a  battery,  B',  which 

Fii?.  2. 


C{  \  )^A 


J2 


supplies  opposite  electricity  to  that  supplied  by  B.  The  cur- 
rent of  this  battery  (B')  can  either  be  kept  flowing  through 
until  the  wave  from  B  is  transmitted,  or  it  may  be  inserted  for  a 
short  interval  only,  as  in  working  a  line  with  reversed  currents. 

When  with  this  arrangement  e  is  depressed,  the  current  of 
B  flows  into  the  conductor,  and  as  it  passes  onwards  neutralizes 
the  electricity  left  in  it  by  B'  and  recharges  the  line  in  the 
other  direction.  If  the  accumulator  be  discharged  before  the 
neutral  point  has  reached  c,  the  galvanometer  shows  electricity 
left  by  B'.  If  the  neutral  point  has  passed  beyond  c,  it  shows 
the  ojiposite  electricity — that  of  B.  The  neutral  point  having 
arrived  at  c,  at  the  instant  of  separating  I  from  ?n,  no  move- 
ment of  the  galvanometer  is  observed.  The  dotted  curves  in 
fig,  2  give  a  rough  idea  of  the  contour  of  waves  produced  in 
this  manner. 

To  obtain  results  with  this  method,  it  is  of  course  necessary 
to  be  provided  with  an  apparatus  which  can  be  exactly  adjusted 
to  open  the  contact  between  I  and  m  at  any  desired  small  in- 
terval of  time  after  it  has  closed  the  contact  between  e  and  g. 

The  a})paratus  which  I  use  for  this  purpose,  and,  I  believe, 
the  only  one  which  is  applicable  for  the  purpose,  is  the  same 
that  I  had  from  Sir  C.  Wheatstone,  and  used  for  controlling 
the  time-intervals  given  by  means  of  an  accumulator  dischar- 
ging through  a  known  resistance,  as  described  in  the  May 
Number  of  the  Philosophical  Magazine. 

This  apparatus,  with  the  modifications  which  have  been  re- 
cently made  in  it,  appears  likely  to  be  extremely  useful  for  a 
variety  of  physical  inquiries  in-solving  short  definite  iuteiTals  of 
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time ;  I  ^^•ill  therefore  give  here  a  brief  description  of  its  me- 
chanical construction.  On  the  base  a  is  (supported  by  pillars)  a 
bridge,  h  b,  in  the  middle  of  which  is  pirotted  a  brass  disk  with 

Fig.  3. 


heavy  rim  {d  d).  At  e'  a  band-spring  is  fixed  which  reaches  to  e, 
and  at  that  end  carries  a  catch  centred  on  a  pin.  A  small  screw- 
head  in  the  rim  of  the  disk  eno-aojes  with  this  catch,  and  by  means 
of  it  the  spring  may  be  forced  backwards  until  a  second  pro- 
trudincj  screw-head  reaches  the  trio-D-er  /,  by  which  it  is  locked. 
On  releasing  the  trigger,  the  spring  (recovering  its  position  of 
rest)  accelerates  the  disk  until  it  is  arrested  against  the  con- 
tact-stud a,  at  which  point  it  stops,  whilst  the  disk  is  free  to 
continue  its  revolution.  The  tension  of  the  spring  and  posi- 
tion of  the  trigger  are  adjustable  in  order  to  "  time  "  the  period 
of  revolution.  On  the  top  of  the  disk  and  turning  ^vith  it  is 
an  arm,  h,  whose  position  is  fixed  by  a  clamp,  A'.  This  arm 
is  furnished  with  a  protruding  finger,  /.  In  front  of  the  board 
which  carries  the  disk  is  a  second  board,  k,  which  carries  a 
small  contact-key,  I,  working  between  contact-studs  m  and  n, 
and  retained  indifferently  against  either  of  them  by  means  of 
a  spring  at  the  side.  The  periphery  of  the  disk  is  divided  into 
500  equal  parts,  the  zero-point  being  in  such  a  position  that, 
the  nonius  on  the  arm  h  being  placed  coincident  with  it,  the 
finger  i  just  touches  the  insulated  face  of  the  key  I  (at  rest  on 
???)when  the  end  of  the  spring  e  touches  the  contact-stud^.  The 
arm  h  being  placed  in  any  other  position  and  the  disk  released, 
the  interval  of  time  which  elapses  between  the  closing  of  contact 
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of  spring  e  Avith  stud  g  and  the  breaking  of  contact  be- 
tween /  and  m  is  shown  by  the  engraved  division  upon  which 
the  index  of  the  arm  h  stands.  The  disk,  making  two  revolu- 
tions per  second,  each  of  the  500  divisions  necessarily  repre- 
sents 1-^(7^  of  a  second,  which  is  further  divisible  by  the  nonius 
to  -fo-oo(r'  ^*  ^^  of  course  assumed  that  the  rate  of  rotation 
during  a  revolution  is  uniform,  the  retardation  through  friction 
being  too  minute  to  be  appreciable  in  so  short  a  time. 

The  original  way  of  "  timing  "  this  apparatus  was  to  start 
it  and  note  the  figures  read  in  succession  under  the  fibre  of  a 
small  telescope  when  the  disk  Avas  illuminated  by  half-second 
flashes  of  an  induction-coil.  The  force  of  the  spring  and  the 
position  of  the  trigger  Avere  adjusted  until  the  right  velocity 
was  obtained.  Recently  I  have  employed  an  equally  accurate 
and  easier  way  of  "  timing,"  by  discharging  an  accumulator 
through  a  known  resistance  for  some  interval  indicated  by  the 
disk,  and  calculating,  from  the  initial  and  final  readings  of  the 
galvanometer,  the  time  according  to  the  leakage-formula.  If 
the^  two  do  not  agree,  I  alter  the  spring  until  they  do.  The 
spring,  however,  is  very  constant ;  and  no  adjustment  has  been 
found  to  be  necessary,  except  after  taking  the  apparatus  to 
pieces  for  alterations.' 

The  manner  in  which  the  apparatus  is  connected  up  is  showTi 
in  plan  in  fig.  4.     The  body  of  the  disk  ddh  connected  with 

Fig.  4. 


,,^^^u^5^^jisvm\ 


end  a  of  the  conductor  (ach).  A  contact  g' ,  against  which 
the  spring  e  presses,  puts  the  battery  B'  to  the  line  when  the 
disk  is  trigged  ;  and  another  contact,  7,  puts  in  the  opposite  bat- 
tery B,  when  it  is  released.  This  arrangement  is  used  when 
the  neutral  point  of  two  opposite  waves  is  to  be  found  ;  but 
when  the  contour  of  a  single  wave  is  required,  the  battery  B' 
is  omitted  and  g'  connected  to  earth  in  order  to  facilitate  the  dis- 
charge of  the  line.  The  electricity  of  the  point  c  goes  through 
m  and  I  to  A,  which  it  charges.     When  the  disk  rotates,  the 
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arm  i  strikes  the  key  I  and  throws  it  from  the  stud  m  (which 
is  in  connexion  with  the  intermediate  point  c)  on  to  the  stud 
n,  which  is  connected  with  the  galvanometer  G  and  accumu- 
lator A.     The  end  h  of  the  conductor  is  to  earth  E'. 

Through  the  kindness  of  Mr.  Willoughby  Smith,  I  have 
been  enabled  to  make  some  measurements  with  this  appa- 
ratus upon  lengths  of  gutta-percha  cable,  lately  manufac- 
tured by  the  Telegraph  Construction  and  Maintenance  Com- 
pany, Limited,  for  submersion  in  the  Red  Sea.  Measurements 
of  this  kind  upon  coiled  cable  containing  iron  in  the  covering 
are  of  less  value  than  upon  submerged  cable  ;  but  as  the 
amount  of  iron  in  the  covering  of  this  cable  is  comparatively 
small,  I  do  not  think  that  the  magnetoelectric  currents  set  up 
were  of  great  strength  *.  I  hope  to  be  allowed  the  opportunity 
of  making  similar  measurements  upon  a  submerged  and  dupli- 
cated cable.  In  the  mean  time  I  give  the  results,  by  way 
of  illustrating  the  emplo\Tnent  of  the  method  rather  than  pro- 
fessedly for  their  intrinsic  value. 

Exp.  1. — The  length  a  c  (fig.  1)  consisted  of  308  knots  of 
coiled  gutta-percha  cable  ;  he  oi  3000  ohms  wire-resistance,  the 
end  of  which  was  to  earth.  The  battery  B*svas  ten  Minotto  cells. 
Excursions  of  the  needle  of  a  mirror-galvanometer  were  read 
as  follows,  the  index-hand  {%)  of  the  rotating  disk  being  ad- 
vanced ten  or  more  divisions  between  each  observation. 


Interval  of  time 

Excursion 

of  galvanometer 

bv 

disk. 

needle. 

O-Odl  second     . 

0  division. 

0-01 
0-02 

2  divisions. 

0-03 
0-04 

4 

7 

0-05 

.       13 

0-06 

.       18 

0-07 

.      24 

0-08 

.      30 

0-09 

.      34 

0-10 

.     .      39 

0-15 

.     .      57 

0-20 

.     .       68 

*  Mr.  Culley,  experimenting  on  a  circuit  from  Lowestoft  to  Holland 
and  back,  found  "  no  trace  of  induction  from  the  neighbouring  wires 
through  which  the  ordinary  tralfic  was  proceeding  "  (Journ.  Soc.  Teleg. 
Eng.  1875,  vol.  iv.  p.  64).  'This  fact  indicates  that  the  effect  of  coiling 
observed  in  some  cables  is  not  due  to  voltaic  induction,  but  to  magneto- 
induction,  and  is  to  be  ascribed  to  the  mass  of  iron  of  the  covering,  which, 
when  the  cable  is  coiled,  acts  like  an  electromagnet.  Therefore  a  cable 
with  very  little  iron  in  its  coveiing  should  not  behave  very  differently 
whether  coiled  or  straight,  whereas  in  a  cable  without  iron  the  coiling 
should  make  no  difference. 
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Table  (conthiued). 
Interval  of  time  Excursion  of 


by  disk. 
0-25  second 
0-30       „ 
0-35       „ 
0-40       „ 
0-45       „ 


To 
80 
83 
84 
85 


alvanometer- 
neeSle. 
divisions. 


Tlie 
sions  : 


potential  of  the  battery  was  represented  by  208  di^^- 
the  potential  of  position  of  point  c,  or  the  maximum 
excursion  (after  1  minute)  was  9'J  divisions.  Therefore  after 
j^fj  of  a  second  the  point  c  had  attained  1  per  cent,  of  the  po- 
tential due  to  its  position,  and  after  ^  second  75  per  cent. 

By  plotting  out  these  values,  taking  the  time  and  the  excur- 
sions as  coordinates  of  a  curve,  the  contour  of  the  wave  is  ob- 
tained. 

Ed-p.  2. — 308  knots  of  coiled  cable  between  a  and  c,  be 
being  a  resistance-coil  of  3000  ohms.  Two  batteries  (con- 
nected as  in  fig.  2),  B  and  B',  each  ten  Minotto  cells. 


Interval 

bjedisk.        ■^^'^' 

irsion  oi  gaivanome 
needle. 

0-01  second       .     . 

—  50  divisions. 

0-05 

-29 

0-10 

+  10 

0-15 

39 

0-20 

57 

0-25 

67 

0-30 

73 

0-35 

78 

0-40 

80 

0-45 

82 

out,  this 

curve  shows  t 

lat  the 

neutral  ] 

c  0-085  second  after  reversal  of  the  battery  at  a. 

Exp.  3. — Between  a  and  c,  a  coiled  cal)le  114  knots ;  between 

Two  batteries  as  before. 


b  and  e,  a  resistance-coil  of  1000  ohms 


Interval  by  disk. 

Excursion  of  galvanometer- 
needle. 

0-005  second     . 

.   —146  di'vasions. 

0-006       „ 

-106         „ 

0-007       „ 
0-008       „ 

-  38 

0-009       „ 
0-010       „ 

0        „ 
+   47         „ 

0-011       „ 

85        „ 

0-012       „ 

117         „ 

0-013       „ 

168     ;, 

needle. 

—  39  divisions 

-21         „ 
-  2         „ 
+  13         „ 

needle. 

-182  div 

isions 

-122 

-  61 

+     2 

+   78 

+  106 

+  184 
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Ea;p.  4. — Tlie  same  arrangements  as  in  exp.  3,  with  the  ex- 
ception of  the  resistance  {b  c),  which  was  reduced  to  500  ohms. 
T  t        1h    rl"  k  Excursion  of  galvanometer- 

0*003  second 

0-004       „ 

0-005       „ 

0-006.      „ 

The  reduction  of  the  end  resistance  (b  c)  to  half  its  value, 
therefore,  altered  the. time  of  the  neutral  point  passing  from 
0-009  to  0-005  second. 

Ej.p.  5. — The  resistance  was  increased  to  5000  ohms,  the 
other  details  being  the  same  as  in  the  preceding  experiment. 

Interval  by  disk.  Excursion  of  galyanometer- 

0-015  second 

0-016       „ 

0-017       „ 

0-018       „ 

0-019       „ 

0-020       „ 

0-021       „ 

Tliis  shows  an  increase  of  the  time  by  an  increase  of  the 
end  resistance.  If  these  end  resistances  represent  the  resist- 
ances offered  by  the  coils  of  receiving-instruments,  the  results 
of  the  last  three  experiments  confirm  our  experience  that  by 
increasing  the  instrument-resistance  without  correspondingly 
increasing  the  sensitiveness,  we  lessen  the  rate  of  signalling. 

Fig.  6. 
a c c' b 

By  means  of  two  lengths  (114  and  190  knots)  of  coiled 
cable,  I  was  enabled,  in  a  total  length  of  304  knots,  to  put  the 
accumulator  in  contact  -vA-ith  two  intermediate  points,  viz.  c  (at 
114  knots  from  a)  and  c'  (at  190  knots  from  a). 

Ea:p.  6. — ^Accumulator  inserted  at  c  (fig.  5)  114  knots  from 
a  ;  and  b  directly  to  earth.     Two  batteries  of  five  cells  each. 
Interval  by  disk.  Excursion  of  -alvanometer- 

0'032  second 

0-033  „ 

0-034  „ 

0-035  „ 

0-036  „ 

0-037  „ 

0-038  „ 

0-039  „ 

0-040  „ 


needk 

—  24  di^asions 

-17 

-12 

-  7 

-  2 

+   3 

7 

12 

20 
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E.i'p.  7. — Accumulator  inserted  at  (/  190  knots  from  end  a. 


Interval  by  disk. 

0*045  second 

0-046  „ 

0-047  „ 

0-048  „ 

0-049  „ 

0-050  „ 

0-051  „ 

0-052  „ 

0-053  „ 


Excursion  of  galvanometer- 
needle. 
— 12  divisions. 
-10         „ 

-  7         „ 

-  ^         „ 

+   5 

9         „ 
11 


E^vj).  8. — Accumulator  inserted  at  end  of  cable,  304  knots 
from  a,  and  a  resistance  of  100  ohms  between  b  and  earth. 


InteiTal  by  di&k. 

0*04  second 

0-05  „ 

0-06  „ 

0-067  „ 

0-07  „ 

0-08  „ 

0-09  „ 

0-10  „ 


Excursion  of  galvanometer- 
needle. 
—  7  divisions. 
.     -4         „ 
.      -2         „ 
.         0         „ 

•  +1         „ 

•  2         „ 
5 


Whatever  may  be  the  precise  effect  of  the  cable  being  coiled, 
upon  the  results,  it  is  probably  greater  at  the  first  moment 
than  afterwards.  From  this  cause  the  time  of  the  neutral 
point  crossing  may  be  in  exp.  6  higher  than  it  would  have 
been  had  the  cable  been  submerged,  less  so  in  exp.  7,  and 
least  so  in  exp.  8.  As  it  was,  however,  the  times  were  as  fol- 
lows when  the  neutral  point  ])assed  c,  c',  and  h  : — 

Point  passed.  Time. 

c  (114  knots  from  a)  .  .  .  .  0-036  second. 

r'(190  „  )  .  .  .  .  0-049       „ 

b  (304  „  )  .  .  .  .  0-067       „ 

Between  c  and  c'  the  wave  passed  through  76  knots  in  0-013 
second,  and  between  c'  and  b  114  knots  in  0*018  second.  In 
this  sense  we  can  say  that  in  this  identical  304  knots  of  coiled 
cable,  the  wave  in  question  travelled  at  the  rate  of  about  6000 
knots  per  second. 

In  carrying  out  these  experiments,  I  observed  that  the  same 
series  repeated  gave  the  same  results. 

The  accunmlator  employed  was  one  made  of  mica  plates  with 
tinfoil  coatings  and  cemented  with  shellac.  Its  capacity  was 
0-33  microfarad,  its  resistance  at  the  time  of  making  the  ex- 
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periments  about  300,000  megohms.  The  capacity  of  the  accu- 
mulator introduces  an  error,  because  it  requires  to  be  supplied 
with  as  much  electricity  as  a  mile  of  submarine  cable,  or  as  50 
to  100  miles  of  land  line.  The  effect  which  it  has  on  the  form 
of  the  wave  is  therefore  the  effect  of  an  error  of  position  of  less 
than  1  mile  in  the  cable.  Now  in  a  length  of  200  or  300  miles 
this  effect  is  of  very  little  practical  importance  and  may  be 
neglected  ;  but  if  we  have  to  measure  contours  of  curves  or 
speeds  of  waves  in  short  cables  or  land  lines,  the  accumulator 
employed  should  have  a  proportionally  small  capacity. 

When  two  batteries  are  used  (that  is,  the  waves  are  observed 
by  reversed  currents),  the  second  battery  should  be  introduced 
at  the  same  instant  that  the  first  battery-circuit  is  interrupted, 
not  to  allow  time  for  the  charged  state  of  the  cable  to  fall. 
This  was  first  done  with  two  batteries  of  ten  cells  and  five  cells 
respectively  connected  in  opposite  directions,  so  that  when  the 
current  passed  through  them  all,  the  resultant  electromotive 
force  was  10  —  5  =  5  cells  in  one  direction.  The  reversal  Avas 
made  by  simply  shortcircuiting  the  ten  cells  and  allowing  the 
five  others  to  operate  alone  in  the  reverse  direction.  This  plan 
was  not  without  objection  ;  and  an  arrangement  was  therefore 
made  by  which  the  inteiwal  between  the  removal  of  one  bat- 
tery and  the  introduction  of  the  other  was  reduced  to  a  mini- 
mum by  means  of  a  spring  following  the  contact,  and  arrested 
just  before  the  reversal,  by  which  the  interval  was  made  less 
than  0-0005  second. 

The  time-contact  apparatus  may  be  used  so  as  approximately 
to  imitate  any  two  successive  currents  given  in  the  ordinary 
ways  of  telegraphing ;  and  the  speeds  and  contours  of  the  waves 
under  such  conditions  can  then  be  ascertained.  In  these  ex- 
periments, as  in  actual  telegraphing,  we  can  leave  out  of  con- 
sideration the  absorption  of  electricity^  into  the  dielectric  ma- 
terial. Practically  we  have  to  deal  only  with  what  may  be 
termed  the  "free  charge"  of  the  cable,  or  that  which  is' free 
to  be  quickly  discharged.  The  electricity  which  takes  time 
to  creep  into  and  out  of  the  material  does  not  influence  per- 
ceptibly the  rate  of  signalling  or  the  contour  of  waves. 

In  conclusion,  I  must  thank  Mr.  Willoughby  Smith  for 
affbrding  me  opportunities  of  practically  illustrating  this 
method,  and  Mr.  May  for  his  kindness  and  assistance  in  the 
matter. 

25  Cuinljerland  Terrace,  Eegent's  Park, 
September  12,  1876. 
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XLII.  Attempt  at  a  Theory  of  the  (^Anomalous)  Dispersion  of 
Light  in  Singly  ami  Doubly  Refracting  Media.  By  Professor 
E.  Ketteler*. 

AFTE  R  establishing,  as  I  believe,  by  my  own  experiments, 
especially  on  gases,  as  well  as  making  critical  use  of  all 
extant  observations,  the  empirical  side  of  the  theory  of  disper- 
sion as  a  whole,  I  have  further  been  able  also  to  explain  its 
connexion  with  the  elli})tical  polarization  of  reflection  and 
refraction  f.  The  dispersion-formula  constructed  by  me  in- 
cludes in  itself  the  very  phenomenon,  afterwards  discovered, 
of  anomalous  dispersion  ;  and  it  satisfies  experience  not  only 
for  the  more  feebly  absorbed  transmitted  rays,  but  also,  appa- 
rently, for  the  perfectly  dark  regions  of  the  spectrum,  which 
are  accessible  only  by  the  elliptical  polarization  of  the  reflected 
light. 

Anomalous  dispersion  has  meanwhile  effected  a  complete 
revolution  in  reference  to  theory  ;  for  it  has  become  evident 
that  in  dioptric  processes  the  aether  alone  will  not  suffice  ;  and 
so  the  view  represented  chiefly  by  Boussinesq,  Sellmeier,  and 
myself,  that  the  aathereal  and  corporeal  particles  vibrate 
together,  is  gradually  more  and  more  making  way.  And  then 
a  really  tenable  theory  of  dispersion,  based  on  this  conception, 
promises,  together  with  a  more  profound  understanding  of 
light-motion  in  general,  some  disclosures  concerning  the  struc- 
ture and  constitution  of  the  aggregates,  composed  of  {ethereal 
and  corporeal  matter,  which  form  the  only  ponderable  media. 

The  most  recent  treatise  on  anomalous  dispersion  we  owe  to 
Helmholtzt.  He  also  starts  from  a  convibration  of  ponderable 
particles  ;  and  by  assuming  only  the  simplest  possible  mecha- 
nism in  reference  to  the  reciprocal  action  between  them  and 
the  aether  particles,  he  readily  arrives  at  the  construction  of  the 
two  requisite  differential  equations.  Helmholtz  rejects  the 
assumption,  made  by  the  older  physicists,  that  the  JBthereal 
and  corporeal  particles  attract  or  repel  each  other  point  for 
point,  and  substitutes  for  it  an  action  like  that  of  a  vibrating 
pendulum  on  the  surrounding  air.  Lastly,  he  shows  emphati- 
cally that,  on  account  of  the  gradual  conversion  of  light  into 
heat  (that  is,  absorption  of  the  regular  oscillatory  motion),  co- 

*  Translated  from  a  separate  impression,  communicated  by  the  Author, 
from  tlie  Verhamllvngen  des  iiaturhiston'schen  Vereins  der^  premsischen 
Rheinlande  iiml  Westphnhns,  Jahvg.  xxxiii.,  4th  series,  vol.  ii. 

t  "Das  Oomplexe  als  Ausdruck  des  Zusammenhangs  zwischen  der 
elliptischen  Polarisation  der  Spiepelung  und  Brechungund  der  Dispersion 
der  Farben,"  J'eM.  des  naturhist. Vereins  jiir  Kheinland-Westphalen,  1875. 

X  Monatsher.  der  Berl.  Akad.  Oct.  18'74 ;  Pogg.  Ann.  vol.  cliv.  p.  682. 
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efficients  of  direct  friction  must  be  introduced  into  the  calculus. 
In  fact  the  success  of  this  speculation  depends  absolutely  on 
the  presence  of  the  terms  conditioned  by  friction  ;  and  if  these 
be  eliminated  by  putting  the  friction-coefficient  =0,  the  dis- 
persion-curye  obtained  loses  all  resemblance  to  that  required 
by  experiment. 

Helmholtz's  treatise,  howeyer,  appears  to  me  an  explanation 
ad  hoc,  inasmuch  as  it  neglects  the  tvro  different  kinds  of 
elliptic  polarization  established  by  experiment  (of  glass  and 
metals,  the  positiye  and  the  negatiye),  and  also  the  modifica- 
tion elFected  in  the  yelocity  of  propagation  hj  the  translation 
of  a  medium,  or  giyes  no  account  of  them,  and,  lastly,  as  it 
contradicts  the  theories  of  reflection  which  haye  been  hitherto 
held  by  Fresnel,  Cauchy,  and  myself,  all  of  which  require,  at 
least  for  the  boundary  surface,  a  simple  relation  between  the 
vires  vivce  and  the  ratio  of  refraction. 

To  me  it  becomes  difficult,  especially  after  the  results  of  my 
last  work,  to  abandon  the  representation  that  a  refraction-index 
yariable  with  the  angle  of  incidence  belongs  to  the  metals,  and 
that  absorption  plays,  instead  of  a  primary,  only  a  secondary 
part.  After  much  pains  I  haye  at  last  been  compelled  to  de- 
cide that  it  is  impossible  to  arriye  at  expressions  seryiceable  in 
eyery  direction,  eyen  by  extending  Helmholtz's  assumptions  by 
the  addition  of  new  terms ;  while  these  h%-potheses  appear  to 
me  in  part  not  unobjectionable,  eyen  theoretically. 

For  experiment  shows  the  com"se  of  the  dispersion-curye  to 
be  independent  of  the  condition  of  the  aggregate.  If  now  yse 
consider  that  only  towards  yery  rapid  motions  does  the  aether 
behaye  as  a  solid  body,  while  its  resistance  to  slow  displace- 
ments, eyen  those  of  the  light  particles  of  gas  flying  about  in 
space,  entirely  yanishes,  and  that,  in  agreement  with  this, 
according  to  obseryations  of  aberration,  the  translation  of  a 
medium  which  takes  place  perpendicular  to  the  direction  of 
the  rays  leayes  the  yelocits-  of  propagation  of  them  unaffected, 
the  mechanism  of  the  reciprocal  action  between  the  ajthereal 
and  corporeal  particles  may  be  in  reality  more  complicated  than 
Helmholtz  assumes  it  to  be.  According  to  our  simple  consi- 
deration the  influence  of  the  corporeal  particles  upon  large 
oscillation-periods  becomes  just  =0,  and  hence,  for  all  agore- 
gate  forms,  the  corresponding  yelocits'  of  propagation  =1, 
while  Helmholtz's  theory  giyes  this  yelocity,  at  least  for  gases, 
as  0. 

If  now  I  proceed  to  set  up  a  theory  of  my  own,  in  my 
opinion  the  difficulties  indicated  may  be  ayoided  in  the  follow- 
ing simple  way  : — 

2.  "We  confine  om-selyes  in  the  following  to  media  at  rest, 
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and  treat  first  of  ono  whose  ponderable  molecules  are  arranpjed 
isotr(){)ically  and  are  optically  simple  in  their- chi'iuical  quality, 
so  that  its  dispersion-curve  exhibits  only  a  single  absorption- 
streak. 

This  presupposed,  let  m,  m'  be  the  masses  contained  in  the 
unit  of  volume  of  the  ajthereal  and  corporeal  particles,  and  p, 

72  72/ 

p'  the  relative  excursions.  Then  m  -7-^,  m'  —~r  are  the  forces 
•^  at-'         dt- 

acting  upon  them,  measured  by  the  acceleration.      On  the 

other  hand  these  forces  will  be  composed  in  the  following 

manner. 

If  e  is  the  constant  of  the  elastic  deformation  of  the  pure 

,  sether,  so  that,  for  this, 

cPp        (Pp 

where  x  is  to  be  referred  to  the  direction  of  propagation,  then, 

for  the  interior  of  a  ponderable  medimn,  to  the  force  e  ~~^ 

another  is  added,  arising  from  the  reciprocal  action  of  the  cor- 
poreal particles.  This,  on  account  of  the  infinitely  less  mass 
and  minuteness  of  the  aether  particles,  as  well  as  their  facility 

of  displacement,  \\'ill  likewise  be  a  deformation-force  E  -t-t  *> 

of  which  the  characteristic  (at  present  unknown)  E  is  there- 
fore added  as  increment  to  e.  We  may  perhaps  suppose  that 
by  the  resistance  of  the  corporeal  particles  a  like  effect  is  pro- 
duced as  if  the  tension  of  the  aether  Vi'ere  altered.  We  have  con- 
sequently, for  the  motion  of  the  aether  particles  in  the  interior. 

On  the  other  hand,  with  respect  to  the  vibrations  of  the 
more  discretely  distributed  corporeal  particles,  the  assumption 
is  a  priori  admissible,  that  their  amplitudes  are  much  less  than 
those  of  the  aether  particles.  We  further  consider  the  presence  of 
the  former  solely  as  a  hindrance  to  the  free  motion  of  the  aether. 
Now  the  force  acting  on  the  corporeal  particles  may  either 
depend  on  the  curvature  of  the  wave-line  uniting  themf,  or  on 

*  At  least,  as  the  sequel  will  show,  it  is  equivalent  to  such  a  force. 

t  If  the  corporeal  particles  of  a  medium  effected  no  resistance  at  all  to 
the  motion,  the  equation  for  it  would  be  the  same  as  if  the  masses  m  and 
m'  were  firmly  imlted  to  one  another — that  is, 

Even  this  extreme  case  the  theory  wiU  have  to  take  into  account. 
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their  distance  from  the  position  of  equilibrium.  We -v^all  assume 

as  more  probable  that  it  depends  on  both.     Accordingly  this 

force  also  will  certainly  in  part  present  itself  as  a  deformation- 

d?o' 
force  E'-r^,  but  of  course  as  a  deformation-force  of  the  cor- 

d.r^ 

poreal  particles  displaced  by  the  vibrating  sether.  To  this 
will  then  be  added  a  directly  acting  displacing  force/  which, 
as  it  is  proportional  to  the  existing  excursion,  may  be  denoted 
by  Kp',  and  of  which  it  remains  uncertain  whether  it  proceeds 
immediately  from  the  pressure  of  the  aether  particles  or  is  only 
indirectly  produced  by  the  reaction  of  the  corporeal  particles. 
It  is  self-evident  that  e  is  positive,  while  the  sign  of  the  rest  of 
the  forces  is  at  first  undetermined.  And  since  the  course  of 
the  dispersion  is,  as  we  have  intimated,  independent  of  the 
state  of  the  aggregate,  the  contents  of  E'  and  K  do  not  refer 
to  those  forces  which  in  solid  bodies  hold  together  their  con- 
stituent parts,  but  much  rather,  analogous  to  the  behaviour  of 
vapours  endowed  with  rotation-polarization,  to  the  forces  be- 
tween the  constituents  of  the  molecules  themselves,  or,  in  fine, 
to  the  reciprocal  forces  between  the  Eethereal  and  corporeal 
particles,  inasmuch  as  they  depend  on  the  quality  and  form  of 
the  latter.  We  should  therefore  have,  for  the  motion  of  the 
corporeal  particles, 

"•'f  =^'^+^''' (1.^) 

The  only  remaining  difficulty  consists  in  the  treatment  of 
the  functions  E,  E',  K,  which,  as  is  acknowledged,  must  con- 
tain implicitly  the  vibration-period  or  wave-length.  Here  the 
plausible  assumption  presents  itself,  that  the  three  preceding- 
forces,  conditioned  by  the  presence  of  ponderable  particles, 
and  flowing  from  their  reciprocal  action  in  equal  degree  with 
the  «ther,  are  rigorously  proportional  to  one  another.  Corre- 
spondingly we  will  put 

E  =  «e,     E'  =  «e',     K  =  «/c,'P.  (2) 

where  e,  e',  k  denote  constants  which  are  given  with  the  qua- 
lity of  the  molecular  constitution  (or  the  density),  and  a  alone 
depends  on  the  motion  (consequently  on  the  dynamic  condi- 
tion) of  the  medium.     Hence  comes,  definitively  : — 

,<Pp'         ,(Pp'  , 

m  -^  —  ae'  ~-^  +  ocko'  . 

dt  d:r  '^ 
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To  integrate  these  equations  we  put : — 

p  =  Acos27r(  Fp  +  7  —0); 

^^      ^         ^     .       .     .     .     (3) 

p'  =  A'cos27r/'^  +  *|-0y 

Introducing  these  values,  the  equations  are  transformed  into 
the  following  :  — 

tn  _€  +  ae 

!^-  i-  ^ 

where  a/  f  =  -t-^,  )  is  put  for  brevity.     These  conditions  must, 

then,  be  satisfied  between  the  constants  of  the  expressions  (3), 
if  they  are  to  be  admissible  as  integrals  of  equations  (1).  Eli- 
minating «  from  them,  wo  get,  first. 


and,  taking  into  account  the  relation  I  —  wT, 

Lastly,  we  introduce  the  velocity  of  propagation  v  valid  for 
the  universal  rethcr  (m'  =  0),  for  which  r^=  -,and,  for  abbre- 
viation, put 

K  me 

Then  the  refraction-ratio  n  receives  the  finally  valid  form 

n'-l=-rS—, W 

which  corresi)onds  to  the  above  requirement,  viz.  that  for  an 
infinitely  great  wave-length  Z  =  T  =  co  the  refraction-ratio  n 
become  =  1 ;  while  for  an  infinitely  little  wave-length  we  ob- 
tain the  limiting  value  n''^=l~T>,  against  which,  even  inas- 
much as  when  1)  is  positive  it  becomes  less  than  1,  theoretic 
objections  are  hardly  admissible. 
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For  the  variable  a  we  find 


m     2 
m  CO  e 


3.  In  order  to  proceed  from  the  moving  forces  to  the  vires 
vivce,  let  us  imagine  the  particles  of  the  medium  brought  out 
of  their  position  of  equilibrium  into  a  relative  position  which 
would  correspond  as  extreme  to  any  internal  wave-length  I  for 
any  instant,  and  kept  in  this  position  by  a  suitable  force.  The 
tension  thus  produced  is  the  same  as  if  no  ponderable  particles 
were  present.  If  the  medium  is  then  left  to  itself ;,  the  aether 
particles  press  back  to  the  position  of  equilibrium,  carry  with 
them  the  corporeal  particles,  and  the  previous  tension-force  is 
converted  into  vis  viva,  which  distributes  itself  to  both  kinds 
of  molecules.  Both  pass  the  position  of  equilibrium  with  an 
energv  Avhich  may  be  denoted  respectively  by  jhC-  and  ??i'C'", 

or  by  m  ^j ,  m^  -j^ .     And  since  in   the  aether  of  space  with 

identical  displacement  (i.  e.  identical  A  and  1}  an  equal  ten- 
sion-force is  developed,  which  now  generates  the  maximum 

vis  viva  mCl  =  in~ci,  we  have 

"a^       ,A'2        A^ 

which  relation,  on  account  of  1=  vT(,  =  (oT  and  r'  =  — ,  changes 


Wfso  +m'-7™-  =  ^A2,       ....     (5a) 


into  A-         /  A  _  e 

or  even,  if  instead  of  the  maximal  the  variable  oscillation-velo- 
cities or  excursions  be  at  the  same  time  introduced,  into 

n'-l  =  ~f^ (5b) 

nip-  ^      ' 

The  so-called  refracting  force  is  therefore  equal  to  the  ratio  in 
which  a  given  vis  viva  is  distributed  to  corporeal  and  ethereal 
particles. 

This  presupposed,  we  have  to  examine  whether,  and  under 
what  conditions,  our  dispersion-equations  are  compatible  with 
the  theorem  here  deduced.  To  this  end  we  multiply  the  two 
differential  equations  respectively  with  p,  p' ,  and  add.  We 
thus  get 

drp        ,  fd'-p'  cPp  d-p  ,  ,d-o' 

PUl.  Mag.  S.  5.  Vol.  2.  No.  12.  Km:  1876.  Z 
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and,  after  integrating, 

Comparison  with  equation  (5  a)  shows  immediately   that  the 
condition  to  he  fultiiled  is  the  following  : — 

^p'[.+(.'-^/=)?:!]=o. 

If  we  omit  the  first  factor  and  suhstitute  for  -  its  value  from 

P 
(5  b),  we  ohtain 

and  also 

n--l  =  -ji ' 

- 1 

The  condition -sought  is  therefore  no  other  than  the  disper- 
sion-formula itself;  and  accordingly  it  forms  the  requisite  com- 
plement to  the  theorem  of  the  refracting  force  as  the  ratio  of  the 
vires  vivse  of  the  corporeal  and  cethereal  particles. 

4.  Media  which  would  in  strictness  satisfy  for  the  entire 
compass  of  the  radiation  the  sim])le  formula  of  dispersion 
hitherto  developed  have  not  yet  heen  observed.  From  tliis  it 
will  he  inferred  that  by  far  the  preponderating  number  of  sub- 
stances possess,  instead  of  one,  several  zones  with  a  complex 
refraction-ratio  (absorption-streaks).  In  regard  to  the  treat- 
ment of  these  media,  the  vibrating  corporeal  masses  will  have 
to  be  analyzed  into  as  many  optico-chemical  elements  as  there 
are  absorption-streaks  present.  If  the  number  were  ii,  we 
should  get  w  differential  equations  for  the  vibrations  of  the 
11  different  corporeal  qualities  of  the  masses  m' ,  and,  besides, 
for  the  vibrations  of  the  oether  the  deformation-equation  of  the 
aether  of  space  increased  by  W  additional  terms.  We  should 
thus  obtain  : — 


m 


T-  rPn 

LP=(e  +  u,e,  +  u,e,  +  ...)-^,:^ 
,  cPp\  ,  cV-p\  , 

,  ^-p\     I  (pp'2 ,      , 


(6) 


Integration  and  the  elimination  of  «  would  now  give 


wMm  +  -7-}^> r  +—^F2 — _/    +  ...J  =  i 
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And  if  again,  generally,  ^ve  put 

then  comes  definitively 

«=-l  =  2-p^- (7) 

Now,  to  compare  this  expression  with  experience,  or  to  bring 
it  into  a  more  convenient  form  for  numerical  treatment,  let  it 
be  considered  that  the  entire  spectrum  accessible  to  accurate 
measurement  comprises  only  about  two  octaves,  and  that  it  is 
afiected  by  the  absorptions  of  the  least  as  well  as  of  the  greatest 
wave-lengths.  Let  us  imagine,  further,  the  P  laid  down  as 
abscissas,  and  the  individual  function-values  of  the  same, 
namely  the  terms  contained  under  the  sign  of  summation, 
each  by  itself,  as  ordinates.  We  thus  obtain  n  particular 
curves ;  and  the  total  ordinate  is  the  sum  of  all  the  particular 
ones.  Each  of  these  part-curves  runs  according  to  a  h\"iDer- 
bolic  law;  their  centre  is  at  L;  to  the  right  of  this  it  rises 
higher,  to  the  left  sinks  lower,  than  the  horizontal  as-\miptote ; 
and  its  steepness  duninishes  rapidly  on  both  sides.  In  con- 
sequence of  this,  all  curves  whose  middle  point  is  proportion- 
ally distant  from  the  boundaries  of  the  accessible  spectrum 
exert  only  an  approximately  constant  influence  upon  the  total 
curve  obtained  between  them.  If  the  influence  of  the  ultra- 
violet region  preponderates,  the  curve  is  raised ;  but  if  the 
ultra-red  region  is  the  stronger,  it  is  lowered.  In  both  cases 
we  should  have  a  medium  with  only  feeble  dispersion,  and  the 
mean  refraction-ratio  of  which  would  be  either  above  or  below 
1,  so  that  n^  — l  =  a. 

^  111 

To  these  distant  curs-es  comes  now  the  influence  of  one  of 
those  whose  centre  falls  either  just  ^^  ithin  the  visible  spectrum 
or  at  least  lies  sufficiently  near  its  limits.  The  total  curs-e 
then  attains  the  form 

n^  —  l  =  a-\-  „ 

And  if  for  a  its  value  above  given  be  introduced,  and  there- 
fore logically  a  be  referred  to  the  ordinates  whose  middle  point 
is  free  from  local  elevation,  and,  lastly,  L  =  /„,  D'  =  D«2  be 
put,  we  get 

V  m/V  771'  mm     •        •        •  •        V"/ 

and  also 

Z2 
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Tlie  law  of  dispersion  oxprossed  by  those  equations  is  the 
same  as  that  which  I  have  deduced  from  experiment,  especi- 
cially  for  sulpliiih'  of  carbon,  and  to  which,  in  my  treatise  on 
the  "  Comjilex,"  I  have  referred  all  the  theoretical  conse- 
quences.    If  in  (8)  we  replace  I  by  — ,  understanding  l)y  \  the 

wave-length  belonging  thereto  in  the  a'ther  of  space,  and  solve 
according  to  n  the  equation  thus  transformetl,  we  get,  for  the 
form  of  the  true  curve  of  the  dispersions  7i=/{X),  the  law  of 
formation 

and  for  the  associated  internal  wave-length  /,  on  account  of  the 
symmetry  of  equation  (8), 

l=iL{\/{l+lJ-T>:^x/{l-  ^J-T>).  .   (OB) 

If  we  notice,  finally,  that  the  signs  are  unequivocally  *  de- 
termined by  this,  that  the  ordinates  of  the  curve  (Da),  in  di- 
stinction from  the  curve  (9  b),  never  become  infinite,  it  shows 
indeed  the  form  required  by  experiment.  It  is  found  to  be 
\>X,n  to  the  right  of  the  middle  line,  n>?!„,  above  the  hori- 
zontal asymptote,  \  <  X,„  to  the  left,  and  7i  <  n^  below.  The 
curve  has,  further,  between  two  determinate  limiting  wave- 
lengths X\),  \"o  (the  theoretic  limits  of  the  absoqjtion-band), 
an  apparently  variable  interruption.  Namely,  for  this  reason 
the  refraction-ratios  become  complex  (ii-=a±h\/ — l),a  proof 
that  here  the  vibrations  of  the  tethereal  and  coi-poreal  particles 
no  longer  obey  the  usual  laws.  The  dispersion-force  D,  ex- 
ternal and  internal  limiting  wave-lengths  (X'o?  ^'o ;  ^"o»  ^''o)> 
and  limiting  indices  of  refraction  (n'o,  ""o)  ^I'e  connected  with 
X^,  l^  by  the  relation 

-(-:iy=My=o-r)-  •  <-> 

^  m  »n  m 

According  to  experiment,  for  sulphide  of  carbon  as  for  all 
those  media  to  which  the  foregoing  formula  is  a])plicable  at 
least  approximately,  w^,  is  greater  than  1 ;  consequently  the 
influence  of  the  ultra-violet  absorptions  is  the  predominant 
one.  For  all  these  media  the  next  most  influential  particular 
curve  lies  within  the  region  of  the  shorter  wave-lengths. 
Only  the  third  rank,  for  the  majority  of  them,  does  any  action 
from  the  ultra-red  end  also  make  itself  percejitible. 

If,  finally,  for  the  nth  particular  curve  D„  be  taken  as  =  1 
*  Herewith  at  once  falls  an  objection  raised  by  Ilelnilioltz. 
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and  L„=x  ,  equation  (7)  can  also  be  written  thus, 

and  this  relation  will,  as  an  empirical  one,  equally  well  repre- 
sent the  connexion  between  index  of  refraction  and  wave-length 
provided  onlv  the  number  of  terms  be  made  dependent  on  ex- 
periment. As  for  the  rest,  the  h^-perbolic  character  of  the 
particular  curves  permits  n  to  be  exchanged  for  its  reciprocal 
value  d) ;  and  thus  the  formula 

A  C 

-B  ^  F-. 

may  lay  claim  to  equal  admissibility ;  I  have  proved  and  con- 
firmed it  in  the  most  comprehensive  manner. 

From  the  result  of  this  trial  I  here  conversely  draw  the 
conclusion  ihai  just  so  the  theoretical  formula  (7)  accords  per- 
fectly with  the  best  measurements  hitherto  made  extending  over 
an  interval  of  two  octaves. 

5.  If  we  proceed  to  the  discussion  of  the  vires  vivce  in 
this  more  general  case  also,  it  will  suffice,  in  the  first  place,  to 
point  out  that  generalizing  the  method  of  reasoning  carried 
out  under  §  3  leads  at  once  to  the  corresponding  relation 


1  = 


2;ny-^ 


mp- 
Self-evidently,  instead  of  the  vires  viva;  of  the  single  molecules, 
we  can  bring  into  it  the  vis  viva  of  the  entire  corporeal  mass ; 
we  have  then  to  put 

^m'p'-^  =  p'l^m\ 

In  regard  to  the  compatibility  of  the  same  v,ith  the  above 
differential  equation,  bv  an  analogous  procedure  we  obtain 

and  the  condition-equation  becomes 


^"(^"^-v'S^^-'-^" 


or 

Now,  as  the  medium  under  consideration  (a  mixture  of  gases, 
suppose,  or  a  solution  of  salts)  is  composed  quite  arbitrarilv  of 
several  simple  constituents,  each  of  which  is  characterized  by 
e,  e',  fcf,  and  a,  and  we  do  not  assume  that  these  constituents 
individually  exert  reciprocal  action  upon  one  another,  the  fore- 
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going  total  condition  resolves  itself  into  n  particular  conili- 
tions.     Hence  we  shall  huxe 

P 
r 

Bearing  tins  in  mind,  then  the  total  result  of  the  investigation 
hitherto  is  comprehended  in  the  following  most  abbreviated 
form  : — 

6.  On  account  of  the  nature  of  the  last  two  equations,  it  is 
of  course  impossible  to  bring  them  into  the  form  n  =/(X.)  and 
therefrom  deduce  rigorously  the  properties  of  the  true  disper- 
sion-curve. Indeed,  for  a  general  view,  what  was  said  above 
respecting  the  approximative  formula  (9)  is  sufficient.  It  is 
thence  obvious  that,  if  we  go  through  the  middle  point  of  a 
particular  curve  Ji  of  equation  (11),  we  at  the  same  time  pass 
through  an  apparent  inconstancy  in  the  true  dispersion-curve 
(an  absorption-streak).  If  on  the  two  sides  of  this  middle  line 
the  p'jj  of  equation  (11)  has  opposite  signs,  so  that  the  particular 

vis  viva  wi'nP'n  ^^  ^^®  right  is  added  to  the  other  terms,  but  is 
subtracted  from  them  on  the  left,  within  the  limits  of  the  ab- 
sorption-streak the  wave-length  I  and  index  of  refraction  7t 
become  complex.  Now  I  have  shown,  in  my  memoir  cited 
above*,  that  in  this  case  the  reflected  and  refracted  light  is 
very  elliptically  polarized,  and  that  in  the  transmitted  wave, 
not  merely  do  the  aether  particles  suffer  a  sudden  change  of 
phase  ')(^,  but  likewise  the  corporeal  particles  undergo  a  different 
alteration  of  phase  ')^.  If,  now,  the  actual  excursion  of  the 
particles  of  both  kinds,  within  the  limits  of  the  complex  zone, 
are  denoted  by  p\,  p^,  it  follows,  from  a  generalization  of  the 
point  of  view  there  developed,  that  the  existing  equation 

divides  into  the  two  following  :— 


m'p'l 
*   Verhandl.  [4]  vol.  ii.  p.  93. 


(12) 
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If,  then,  for  the  nth  zone,  and  for  the  limit-point  Gr'  to  the 
right  of  it,  we  have  ;^— ;t^  =  0,  the  whole  of  the  particular  ex- 
cursions will,  with  the  entry  into  the  absorption-streak,  simul- 
taneously undergo  such  differences  of  phase  ;  but  these  reach 
at  the  middle  line  only  an  insignificant  maximum,  and  on  the 
other  side  of  it  sink  again  to  zero.  Only  for  {p'^,  /Oq)„  does 
'^{'X^ —X)  I'ise  considerably  ;  it  reaches,  at  least  with  very  feeble 
dispersion,  at  the  middle  line  the  value  ±  90°  (corresponding 
to  ±  i/),  and  for  the  limit-point  G^"  on  the  left  the  value  ±  180° 
(or  ±^/);  so  that  here,  indeed,  again  i  =  0,  and  therewith  the 
curve  becomes  real,  but  the  sign  of  p':^  in  equation  (11),  in 
accordance  with  the  h^-jDOthesis,  changes  into  its  opposite. 

Forming,  lastly,  the  resulting  ratio  of  the  vires  viv(e  for  the 
interior  of  the  complex  zone,  we  can  put 

All  the  calculations  can  now  be  carried  out  for  a  substance 
with  only  one  inconstancy  in  the  spectrum  (n„,  =  l),  conse- 
quently with  omission  of  the  s^-mbol  of  summation.  We  find, 
in  the  first  place,  for  very  small  dispersive  forces. 


sin 


(13) 


We  then  obtain,  pursuant  to  the  above  convention  : — 
Left  of  the  middle. 

a'-b--l= ^ \/  ^ V7' 


2a?>=±^'"~^''o-    ^^~^' 


J 


\n  —  ^    0 

Designating  now  the  expression  a"-  — 6"^  — 1=X-  — 1  as  the 
merely  refractive,  2ab  as  the  at  the  same  time  absorptive  part 
of  the  index  of  refraction  n,  the  former  diminishes  as  we  pro- 
ceed from  the  right-hand  limit  Gr'  of  the  absorption-streak  (at 
which  it  attains  the  value  +\/T>  =  n'l  —  l)  to  the  middle  line. 
At  this,  a"— 6"-  =  N^  =  l,  and  sinks  for  the  limit-point  Ct'^  on 
the  left  still  more,  to  1— 's/D  =  //'o'  If,  therefore,  we  imagine 
the  limit-points  G',  G''  connected  with  each  other  by  a  curve 


n 
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constructed  accordin  cr  to  the  forogoiiifj  law  X  =  F(X)*,  this  curve 
forms  in  a  certain  relation  the  continuation  and  complement 
of  the  till  now  isolated  branches  of  the  real  dispersion-curve; 
its  ordinates  increase  simultaneously  with  the  wave-len<i;th. 

The  absorptive  ]»art,  on  the  contraiy,  increases  from  the  two 
limits  to  the  middle  ;  hence  everywhere  the  upper  or  the  lower 
sign  only  is  to  be  used. 

Passincr,  finally,  from  quite  feeble  to  stronger  dispersive 
forces,  the  consideration  of  equation  (4)  gives,  on  substituting 

in  it  -  for  /,  and  solving  it  according  to  7r  — 1  instead  of  n, 

immediately  : — 

:_l  =  _i(l  +  D--^-)±^/v(l  +  D-^7-D.(14) 

It  divides  for  the  complex  zone  into  the  two  following, 

--'''-i=-*0+»-^> 

m 

and  sives,  besides ^  =  VD,  more  complicated  values  for 

*=        ^  mpi 

2(y'— ^).  For  the  middle  line  particularly  this  angle  always 
becomes  less  than  90°. 

That  the  processes  here  indicated  never  take  place  without 

absorption,  is  scarcely  surprising.      We  have,  in  the  occm^ence 

of  the  difference  of  phase  between  the  (ethereal  and  corporeal 

particles,  an  imj)Iicitlg  communicated  coeifficient  of  friction;  and 

'  the  lintensitg  of  the  absorption  f  will  be  exactly  proportional  to 

*  .Of  course  N  must  be  distinguislied  from  the  actual  velocity-  or  sine- 
ratio   v=—  =  ^^"^  (for  perpendicular  incidence  =  a),  whose  difierence 
'         o)       sinr 

» 

^2_i=  ;^  Q3  becoming  vaiiable,  must  be  regarded  as  the  actual  refracting 

m 
force.     Cf.  I.  c.  pp.  70.  85 ;  et  infrd.  sub  §  15. 

t  If   after    Cauchy,  we  put  the  absorption-factor  of  the  amplitude 

equal  to  /*,  /3=  y  ~^.,  the  abscissa  =  being  taken  vertically,  we  have, 

for  D  small, 

^_'^'»'pVsin2(x'-x), 

where  d  denotes  the  thickness  passed  through,  and  /3  is  only  negative. 
I  accept  this  fullv,  but  conditionally— that  is,  rigorously  retaining  the 
preceding  signification,  and  without  any  connexion  with  the  so-called 
limit-equations.     Conf.  /.  c.  p.  60. 
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sin  (%'—%),  indifferently  whether  its  sign  (and  therewith  the 
resulting  elliptic  polarization)  is  positive  or  negative.  Under 
this  assumption,  the  difference  of  brightness  between  the  edge 
and  middle  of  an  absorption-band  becomes  greater  in  propor- 
tion as  D  is  less  and  consequently  the  band  is  narrower. 

Moreover  the  preceding  discussions  have  cleared  up  many 
formerly  obscure  points  ;  and  if  the  approximative  formula  (9), 
with  corresponding  treatment,  may  be  applied  to  the  absorp- 
tion as  well  as  to  the  refraction  of  composite  media,  on  the 
other  hand  it  can  scarcely  be  any  longer  doubtful  that  the 
phase-difference  (x^  — %)  does  not,  hke  the  "  coefficient  of 
ellipticity,"  diminish  towards  the  interior  of  the  medium,  but 
much  rather  remains  constant,  so  that  in  each  successive 
stratum  an  equal  quantity  of  regular  is  converted  into  irregular 
oscillatory  motion. 

[To  be  continued.] 


XLIII.    On  Division-Remainders  in  Arithmetic. 
By  TV.  H.  Walenx,  Mem.  Phys.  Soc* 

REGARDING  the  di^-idend,  divisor,  quotient,  and  remain- 
der in  an  ordinary  numerical  division  as  algebraical 
quantities,  the  operation  may  be  put  in  the  form  of  the  equa- 
tion 

a  r 

,  r  . 

The  expression  c  +  t  is  a  function  of  r ;  it  is  also  a  function  of 

c  and  h,  and  r  cannot  be  obtained  from  it  without  knowing  c 

as  well  as  h.     If  the  di^asion  symbolized  bv  r  he  carried  so  far 

"     0 

that  c  is  either  wholly  decimal  or  partly  integral  and  partly 
decimal,  r  is  a  decimal  less  than  unity.  The  following-  are 
instances  ot  this  : — 

I.       f.    =0-409+^      ...r=0-051. 
bl  bl 

II.      ^=9-545 +5;!?      ....=0-015. 
TTT       12        ,  -,-     0-006942  „„„.,„,„ 

*  Communicated  by  the  Author,  having  been  read  before  the  British 
Association,  Section  A,  September  9,  1876. 
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Thus,  in  the  ordinary  way  of  considering  the  operation  of  di- 
vision, not  only  is  it  necessary  to  know  the  quotient  in  order 
to  ohtain  the  remainder,  but  the  value  of  the  remainder  is  de- 
pendent upon  the  value  of  the  last  figure  of  the  ({uotient.  This 
is  shown  by  the  fact  that  if  example  I.  were  carried  one  step 
further,  the  quotient  Avould  be  0-4098  and  the  remainder 
0-0022. 

If,  however,  in  the  equation  j  =c+  j,  c  be  put  out  of  con- 
sideration, if  a  and  b  be  integral,  and  if  successive  numerical 
values  (as  1,  2,  3,  &c.)  be  assigned  to  a,  the  corresponding 
values  of  r  will  also  be  successive  ;  they  will  moreover  be 
periodic,  having  for  their  period  a  value  equal  to  b.  For  in- 
stance,  when    ^   is   realized   mentally   in    reference  to  any 

remainder  it  may  possibly  have,  the  remainder  must  be  one 
of  the  numbers  or  units  1,  2,  3,  4,  5,  6,  7,  8,  9,  taking,  for 
convenience,  9  to  be  the  remainder  when  the  dividend  is  an 
exact  multiple  of  the  divisor,  so  as  to  include  all  instances 
without  the  use  of  the  symbol  0. 

This  is  equally  true  of  the  general  statement  j,  when  b  is 

any  whole  number  ;  for  the  point  borne  in  mind  in  this  way 
of  regarding  division  is  the  divisor,  in  reference  to  whether  it 
is  contained  a  whole  number  of  times  or  not  in  the  dividend, 
quite  independent  of  the  quotient.  If  it  be  contained  a  whole 
number  of  times,  the  divisor  may  be  put  doA\ni  as  the  remainder ; 
if  it  be  not  contained  a  whole  number  of  times,  the  remainder 
(in  respect  of  the  number  of  units  that  make  up  the  divisor) 
must  be  one  of  those  units.  Considering  the  remainder  to  a 
division  in  this  light,  no  remainder  can  be  a  fractional  quan- 
tity if  the  dividend  be  finite  and  the  divisor  integral. 

Manifestly  the  use  of  looking  upon  the  remainder  to  a  divi- 
sor in  relation  to  a  function  that  contains  the  quotient,  as  in 

the    formula    j=c+j,  is  either  to  be  able  to  continue  the 
b  b 

division  to  the  next  figure,  or  to  obtain  the  result  of  the  divi- 
sion itself  with  rigid  and  absolute  accuracy.  Viewed  in  this 
light,  r  has  no  other  uses  and  no  other  properties. 

If,  however,  the  quantity  c  be  put  out  of  consideration,  and 
the  remainder  be  viewed  as  being  made  up  of  units  from  unity 
itself  to  the  divisor  itself,  both  inclusive,  the  case  is  quite  dif- 
ferent ;  the  remainder  becomes  an  entity  or  function  which 
has  properties  of  its  own,  that  not  only  ap})ly  to  the  particular 
instance    whence  it   has  its    being,  but  which  may  be  used 
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wherever  calculations  have  value.  More  than  a  thousand 
years  ago  the  Arabians  used  the  tarazu  or  balance  to  check  the 
operations  of  multiplication  and  di^dsion  ;  the  operation  called 
tarazu  is  that  of  casting  out  the  nines,  or  ascertaining  the 
remainder  to  9  that  any  given  number  has,  and  with  these 
remainders  performing  the  same  operations  as  yviih  the  num- 
bers whence  they  are  derived. 

Lucas  de  Borgo,  in  the  fifteenth  century,  used  the  remain- 
ders to  division  by  9,  as  weU  as  to  division  by  7,  obtained  for 
the  various  data  in  a  numerical  calculation  (each  datum  ha^'ing 
its  corresponding  remainder),  to  check  the  operations  of  addi- 
tion, subtraction,  multiplication,  and  division.  This  employ- 
ment of  the  remainder  to  a  divisor  is  perhaps  the  first  in- 
stance of  the  use  of  a  corresponding  or  factitious  number  or 
function  in  computations;  for  logarithms  were  invented  by 
Baron  Napier  long  after — namely,  in  1614. 

Mathematicians  of  recent  times  have  extended  the  isolated 
observations  of  Lucas  de  Borgo,  and  have  proved  the  still 
more  general  principle  that  all  direct  and  some  inverse  opera- 
tions upon  the  remainders  to  divisors  are  respectively  analo- 
gous to  the  same  operations  upon  the  dividends.  This  now 
appears  evident  from  the  parcelling  out  of  numerical  values 
which  division  by  a  constant  divisor  afibrds.  The  difference 
between  these  remainders,  as  factitious  numbers  or  functions, 
and  logarithms,  is,  that  in  the  first  case  the  same  operation — 
but  in  a  shorter  and  more  condensed  form — is  used  to  obtain  a 
result  ;  whereas,  in  the  second  case,  the  factitious  numbers  are 
capable  of  being  dealt  with  by  an  operation  one  degree  lower 
in  the  scale  of  operations.  Moreover,  in  the  case  of  remainders, 
the  application  is  possible  in  consequence  of  their  periodicity, 
and  the  original  restdt  of  the  calculation  is  not  obtainable,  but 
is  simply  analogized  ;  whereas  the  logarithms  being  continuous 
functions,  give  results  quite  parallel  to  those  of  the  intended 
calculation,  and  therefore  translatable  into  the  answer  bv  suit- 
able calculations  or  references. 

Looking  upon  these  remainders  as  functions  of  numbers,  it 
is  important  that  their  use  in  performing  analogous  calcula- 
tions to  a  primary  one  should  be  recognized  and  made  possible 
by  means  of  Tables,  also  that  a  method  should  be  obtained 
for  their  easy  discovery. 

From  what  has  been  pubhshed  in  the  Transactions  of  the 
Sections  of  the  British  Association  for  the  Advancement  of 
Science  (see  the  '  Report '  for  1870),  it  appears  that  the  nu- 
merical theorem  therein  put  forth  by  the  author  of  the  present 
paper  gives  a  means  of  ascertaining  the  remainder  to  a  diWsor 
without  kno^ving  any  thing  of  the  value  of  the  quotient.    This 
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theorem  is  that  {\()  —  h)t-\-u  bus  the  same  remainder  to  divi- 
sion by  8  that  \^)t-\-u  has,  \Ot  +  u  being  a  given  nuniljer  in 
terms  ol'  its  digits,  and  8  being  any  whole  nnmber  ;  this  for- 
mula, which  is  a  function  of  6,  but  not  of  the  quotient  of  the 
division,  may  be  expanded  to  the  form 

(10-8)"-V„  +  (10-8)"-^o._i+  ...  +(10-8)'^fl3 

+  (l()-S>72  +  ai. 

This  form  is  well  adapted  for  use  in  general  calculations. 
Since  ai  is  the  extreme  right-hand  digit  of  any  number,  it  is 
only  necessary  that  the  divitlend  should  be  tinite  ;  a^  may 
either  be  the  unit  digit  or  a  digit  on  the  right  hand  of  the  de- 
cimal point.  From  this  it  ap})ears  that  although  the  divisor 
must  be  integral,  the  dividend  may  be  fractional.  That 
(10_g)^-|-7(  and  10^  +  iihave  the  same  remainder  to  S  may  be 
seen  from  the  fact,  deduced  by  nmltiplication,  that 
{lO-h)t  +  u-\Ot-\-u—ht. 

In  the  former  paper  the  name  imitation  is  assigned  to  the 
above  operation  upon  a  given  number,  Avhich  yields  the  re- 
mainder or  unitate  to  a  chosen  divisor  or  base.  The  function 
called  the  unitate  of  x  to  the  base  8  is  symbolized  by  V^a. 
Then 

U5^  =  (10-S)"-'a,.  +  (10-67-V,_,+  ...  +(10-S)^«3 

+  (10-8)fl2  +  «i, 
if  .v=  10""'a„  +  10"-'r/„_i  +  . . .  +  Wa,  +  lOa^  +  a^. 

The  function  V^(  —  .v)  is  easily  derived  from  JJ^x.  For  —.v 
may  have  8  added  to  it  without  altering  the  value  of  U/— a?). 
Hence  V^(-x)=Vs{B-x);  that  is,  U/-;^)  is  the  comple- 
ment of  X  to  S.  For  instance,  U9(  — 3)=U9(9-3)=6. 
Thus,  for  every  value  of  U/  — a-)  there  is  a  corresponding  value 
of  U^o;,  and  for  every  value  of  U^.r  there  is  a  corresponding 
value  ofVg{—x). 

The  function  u/- )  may  be  investigated  by  means  of  its 


equivalent  U^  (x .  -)  =  U/a-  .  y" ')•     1"  ^^e  case  of  8  being  a 

prime  number,  all  the  values  of  this  function  are  integral,  ex- 

12 
cepting  when  ^  =  S;  as  Unr;  =4,  Un^  =8.     When  5  is  not 

a  prime  number,  U.-  is  onlv  integral  when  U^^  is  not  equal 
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to  h,  or  not  a  submultiple  thereof ;  for  instance,  U9  ^  =  ?;•  The 
laws   of  reciprocals    should   be    satisfied   hj   unitates ;    thus 

Uii  3  X  Uii  o  should  be  equal  to  unity,  and  accordingly 

Un(3x4)  =  Unl2  =  l. 

The  function  U^.??",  in  the  case  of  S  being  a  prime  number 
and  n  being  the  yariable,  recurs  in  S  — 1  terms.  When  S  is 
not  prime,  the  period  of  recurrence  is  less  than  S  — 1.  When 
X  is  the  variable  and  n  an  even  number,  it  recurs  in  S  terms, 
and  8  —  1  of  those  terms  are  arranged  in  groups,  the  latter  half 
of  each  group  being  the  same  as  the  first  half  but  in  inverse 
order  ;  thus 

Un.r*=  1,  5,  4,  3,  9  ;     9,  3,  4,  5,  1  :     11  :     1,  5,  4,  3,  9  ;  kc. 

The  function  Tj  ~x~^  behaves  itself  like  U^-i'~'  in  respect  of 

its  values  beinor  inteo-ral  or  fractional. 
1 

The  function  \j^x'^  may  sometimes  be  ascertained  in  whole 

numbers  from  continuing  the  series  U-.r"'".     When  S  is  of  the 

form  p"  —  .r  (n  and  x  being  whole  numbers,  and  .r"  or   j^x 
1 

being  irrational),  U^-?'"  is  finite  and  integral.  In  unitation,  as 
in  some  other  numerical  operations,  there  may  be  m  mih.  roots, 
n  nth  roots,  and  so  on. 

Taking  the  function  Uio"A*  as  true  when  x=^  '^/q  (an  irra- 
tional quantit)"),  it  can  be  proved  to  be  possible  to  assign  the 
values  of  the  extreme  right-hand  figures  of  some  incommen- 
surable quantities.     For  instance, 

UioVo  =  5,     Uic^-^'29  =  9,     Uioov'13  =  17. 

The  formula  Tj ^{— x)  =  \^ ~{h — x)  may  be  applied  to  func- 
tions of  x/  - 1  :  thus,  U/a  +  h^-c)  =  JJ^{a  +  h^/%^.  In 
this  manner  \/  —  1  in  unitates  may  be  expressed  as  a  quantity 
that  is  not  imaginary,  without  the  use  of  geometi-^-. 

The  investigation  of  the  function  U^-.r  has  not  proceeded 
beyond  this  point;  but  several  applications  of  its  properties 
have  been  made. 

Checking  tables  and  calculations  that  can  be  nuited  is 
among  the  most  practical  applications.  All  divisions  to  be 
tested  are  obliged  to  be  completely  finished  by  obtainino-  all 
the  figures  of  the  quotient  together  with  the  remainder  ;  in 
this  case  the  division  of  unitates  may  be  performed  in  the 
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same  manner  as  ordinary  division,  reducing  the  values  from 
time  to  time.     For  instance,  to  obtain 

TT  269      8      ,      3      ,     .,     ,     „ 

Us  (2-2+^)  =4+^  =4  +  6  x2  =  U,16  =  7. 

Many  theorems  that,  treated  in  the  ordinary  way,  involve 
the  cumbersome  notation  of  algebra  used  to  deal  with  scales  of 
notation,  can  be  investigated  by  the  simplest  means.  For  in- 
stance, the  proof  that  the  addition  of  the  digits  of  a  number 
casts  out  the  nines  of  that  number  is  manifest  from  the  sub- 
stitution of  9  for  h  in  the  general  formula  of  unitation  given 
above;  for  in  that  case  each  term  has  1  for  its  coet^cient.  In 
the  function  X^nx  the  coefHcients  are,  beginning  with  the  unit, 
+ 1  and  —  1  alternately. 

These  relations  of  \J^x  (generally  written  U»r  as  being  the 
most  common  of  all  the  systems  of  unitation)  and  of  Un.?',  give 
the  following  singular  property,  an  extension  of  a  well-known 
fact.  K  dots  or  marks  be  made  at  equal  intervals  over  the 
digits  of  a  given  number,  or  part  of  a  given  number,  and 
(having  regard  to  the  relative  position  of  the  marked  digits 
in  the  number)  if  the  marked  digits  be  transposed  among 
themselves,  the  remainder  obtained  by  the  subtraction  of  the 
transposed  number  from  the  original  number — or  vice  versa, 
according  to  which  number  is  the  greatest — will  be  divisible 
by  a  number  composed  entirely  of  ones,  as  1111,  also  by  some 
other  number  composed  entirely  of  nines,  as  9999,  the  number 
of  ones  or  of  nines  in  the  divisor  being  a  + 1 ,  if  there  be  a  in- 
tervals.    For  instance. 


I  III  II  I  III  II  1 


5821231-1235821=4585410, 

and  4585410  is  exactly  divisible  by  111  and  by  999. 

An  easy  and  practical  method  of  constructing  decimal  equi- 
valents for  reciprocals  is  as  follows  : — Take  a  reciprocal  with 
any  number  for  its  denominator  that  has  9  for  its  unit  tigure, 
and  employ  as  a  multiplier  a  number  greater  bv  1  than  that 

"^  1        . 

represented  by  the  remaining  figure  or  figures.     In  j^  5  is 

the  multiplier.  Beginning  with  1,  this  multiplier  is  used  to 
obtain  the  next  figure  towards  the  left  from  the  previous  one 
as  from  a  multiplicand,  adding-in  the  tens  digit  or  other  digits 
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that  may  be  carried  from  the  previous  product.  In  this  -svay 
the  decimal  equivalent  for  ^  is  found  to  be 

0-63448,27586,20689,65517,24137,93i, 

17     17 
3  being   the    multiplier.      Since   -  =  j^,  —  =  -— ,  &c.,  this 

plan  can  be  used  to  give  the  figures  of  reciprocals  that  have  7 
for  the  right-hand  figure  of  their  period  :  the  operation  in  this 
case  is  begun  with  7  instead  of  1.  By  similar  means,  other 
decimal  forms  can  be  constructed ;  the  forms  that  can  be  deci- 

mallv  wrought  out  bv  this  means  are  :;— — — tt?  vt; — —^^  -r- — --^, 
«  -  10a +  9    10a +/    10a +  3 

and  -7- r.     The  other  decimal  forms  of  reciprocals  are  either 

10a  +  1  ^ 

finite,  or  they  mav  be  derived  from  the  form  s-tt pr. 

ioa  -h  y 

A  method,  which  is  sometimes  easier  than  the  above,  is  to 
use  the  multiplier  as  a  divisor,  beginning  with  the  last  figure 
of  the  period,  working  toAvards  the  right  hand,  and  taking 
each  figure  of  the  quotient  as  it  is  obtained  as  the  figure  to  be 
brought  do"v^•n  for  the  unit  figure  of  the  dividend  at  each  ope- 
ration.    The  work  to  obtain  -(  =  -—)  bv  this  method  is  : — 5 

into  7,  1  time  and  2  over ;  5  into  21,  4  times  and  1  over ;  5 
into  14,  2  times  and  4  over ;  5  into  42,  8  times  and  2  over ; 
5  into  28,  5  times  and  3  over;  5  into  35,  7  times  and  0  over; 
5  into  07,  1  time  ;  and  so  on,  giving  the  digits  (7)  '1428571, 
&c. 

In  reference  to  unknown  quantities,  the  power  of  unitation 
to  ascertain  the  remainders  to  divisors  thereof  mav  be  shown 
by  an  example.  The  unknown  quantity  must  be  connected 
with  a  known  quantity  by  definite  laws.  If,  for  instance,  it 
be  required  to  take  the  647th  power  of  256  and  to  ascertain 
the  remainder,  to  the  divisor  7,  of  that  high  number,  the  fol- 
lowing is  the  work,  taking  into  account  that  the  function  V-jX 
has  6  for  its  repeating  period  : — 117256  =  4,  and  U6647  =  5; 
then  U74^  =  2.     Therefore  JJ,2b6^'  =  2. 

The  function  Vsf,  f  being  a  figurate  number,  has,  to  some 
extent,  been  investigated.  IJ9/  does  not  repeat,  according  to 
any  law  that  has  yet  been  discovered;  but  groups  of  these 
unitates  repeat ;  those  that  have  been  examined  repeat  either 
after  9  terms  or  after  9n  terms.  Un/'  being  formed  by  a 
square  arrangement  of  the  numbers  as  thev  are  obtained," re- 
peats after  11  terms  in  the  horizontal  as  we'll  as  m  the  vertical 
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direction.  Takiiify  the  first  and  repre- 
sentative square  (which  has  only  ones 
for  the  numbers  in  its  ])(M-i]ili(M-v),  the 
diagonal  and  tlic  trianoular  half  which 
has  its  apex  in  the  lower  ri^ht-hand 
corner,  its  hypotenuse  being  the  dia- 
gonal, has  11  for  all  its  contained  values. 
As  U7/ behaves  itself  similarly  to  Un /' 
in  this  respect,  it  is  probalde  that  ])rime 
numbers  for  the  value  of  8  tinour  this 
formation.     The  unitation  s({uare  of  U^/is  in  the  margin. 

Of  the  eight  perfect  numbers  that  are  known  (calling  the 
series  p),  a  few  of  the  unitation  functions  are  : — 


1111111 

12  3  4  5  6  1 

13  6  4  3  3  4 

14  4  2  5  2  6 

15  3  5  4  6  6 

16  3  2  6  6  6 

114  6  6  6  6 

V,p=:2,  2,  2,  2,  2,  2,  2,  2. 
\J,p  =  3,  1,  1,  1,  1,  I,  1,  1. 
U4P  =  2,4,4,4,4,4,4,4. 
U5^  =  l,3,  1,3,  1,1,3,3. 
Uei>  =  6,4,4,4,4,4,4,4. 


U,jt>=6,  7,  6,  1,  1,  6,  1,  7. 
V,p  =6,4,8,8,8,8,8,8. 
\J,p  =6,  1,  1,  1,  1,  1,  1,  1. 
Uiop  =  6,  8,  6,  8,  6,  6,  8,  8. 
Uni>  =  6,  6,  1,10,6,10,4,  6. 


Algebraical  geometry  applied  to  unitation  yields  some 
striking  results,  especially  when  ])olar  coordinates  are  used. 
The  polygons  obtained  by  thus  setting  out  the  values  of  func- 
tions of  U^.^'l  in  reference  to  the  corresponding  and  consecu- 
tive whole-number  values  of  IJs^v  itself,  represent  graphically 
those  functions  in  a  convenient  form. 

The  ^■alues  of  functions  as  given  above,  also  the  properties 
of  unitatos  that  are  put  forth,  must  be  regarded  as  results 
given  as  simple  statements  ;  the  proofs  of  tliese  and  of  some 
of  the  a})plications  of  the  general  formula,  together  with  Tables 
and  methods  of  calculating  unitates,  may  be  found  in  a  series 
of  articles  now  publishing  in  the  Philosophical  Magazine.  The 
published  papers  are  dated: — I.  November  1868;  II.  July 
1873;  III.  May  1875;  IV.  August  1875;  V.  December 
(Supplement)  1875 ;  VI.  June  (Supplement),  1876. 

Unitates  manifest  themselves  as  functions  which  may  be 
found  throughout  the  whole  domain  of  quantity  ;  they  are 
in  some  instances  interpretable  when  the  quantity  from  which 
they  are  derived  is  but  imperfectly  known. 

74  Brecknock  Koad,  N. 
August,  1876. 
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XL IV.    On  a  Model  illustrating  Mechanically  the  Passage  of 

Electricity  through  Metals,  Electrolytes,  and  Dielectrics,  ac- 
cording to  Maxwell's  Theory.   By  Oliver  J.  Lodge,  B.Sc* 

[Plate  III.] 

§  1.  ^TIHE  obstructions  "syhich  an  electric  current  meets  with 
J-  in  its  passage  through  a  medium  are  of  two  kinds, 
viz.  opposition  electromotive  force  and  resistance  proper.  The 
first,  since  it  does  not  necessarily  change  sign  nor  vanish  with 
the  current,  has  a  tendency  to  produce  a  countercurrent.  The 
second  opposes  the  current  with  a  force  which  is  always  pro- 
portional to  the  current  and  always  acts  against  it;  it  can 
therefore  produce  no  reverse  effects. 

Since  the  laws  of  the  flow  of  electricity  are  in  most  respects 
the  same  as  those  of  an  incompressible  fluid  moving  in  a  closed 
circuit,  we  may  represent  a  current  of  electricity  in  a  conduct- 
ing medium  by  a  flexible  inextensible  endless  cord  circulating 
continuously  over  pulleys.  When  the  cord  is  at  rest  in  the 
conducting  medium,  it  is  no  more  (and  no  less)  to  be  called 
electricity  than  an  ordinary  copper  wire  is  to  be  said  to  con- 
tain electricity  at  rest ;  but  when  it  is  in  motion  it  is  to  be 
called  an  electric  current,  and  the  strength  of  the  current 
through  unit  area  of  the  conductor  is  to  be  measured  by  the 
quantity  of  cord  which  passes  any  fixed  point  in  a  second  ;  in 
other  words,  the  strength  of  the  current  is  proportional  to  the 
velocity  of  the  cord.  The  cord  can  be  made  to  move  by  ap- 
plying to  any  part  of  it,  in  the  direction  of  its  length,  a  force 
which  corresjDouds  to-  electromotive  force,  and  which  can  be 
generated  in  various  ways,  as  by  a  winch,  a  weight,  or  an 
elastic  string. 

To  represent  the  resistance  of  conductors,  the  cord  may  be 
made  to  rub  against  rough  surfaces  ;  and  to  represent  opposi- 
tion electromotive  force,  the  motion  of  the  cord  may  be  made 
to  stretch  or  to  squeeze  elastic  bothes,  thereby  setting  up  a  ten- 
sion in  them  which  shall  not  only  oppose  the  motion,  but  shall 
also  have  a  tendency  to  force  the  cord  in  the  reverse  direction. 
The  difference  of  potential  between  any  two  points  of  a  cir- 
cuit is  represented  by  the  difference  between  the  tensions  of 
the  cord  at  the  two  points  ;  a  greater  tension  is  to  represent 
negative  potential,  while  a  less  tension  or  a  pressure  is  to  re- 
present positive  potential. 

If  the  cord  passes  through  a  body,  and  if  by  any  means  we 
can  make  that  body  include  more  of  the  cord  than  its  normal 
allowance,  then  that  body  is  said  to  be  positively  charged  with 

*  Communicated  by  the  Author,  having  been  read  before  Section  A 
of  the  British  Association  in  Glasgow,  September  1876. 
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electricity  ;  if,  on  the  other  hand,  wo  can  abstract  .some  of  the 
cord  from  the  body,  ii  is  negatively  charged.  The  capacity 
of  the  l)ody  will  he  measured  in  the  ordinary  way  by  tlio  excess 
of  cord  which  is  got  into  or  out  of  the  body,  divided  by  the 
ditlerence  of  potential  required  to  get  it  in  or  out. 

Model  to  illustrate  the  propei'ties  of  Dielectrics. 

§  2.  Now  let  us  apply  these  consideration?  to  the  construction 
of  a  model  which  shall  represent  the  charging  of  a  Leyden  jar. 
In  fig.  1  (Plate  III.)  A  B  C  1>  re])resents  the  cord,  passing  over 
four  pulleys.  A,  B,  C,  D,and  through  eight  buttons,  1,  2,  8,  etc., 
which  represent  eight  strata  in  the  dielectric  of  a  Leyden  jar 
or  other  accumulator  ;  these  buttons  are  supported  on  elastic 
strings,  and  they  grip  the  cord  tightly  so  as  only  to  allow  it  to 
slip  through  them  very  slowly  and  with  considerable  resist- 
ance, if  at  all.  Continuous  electromotive  force  is  represented 
as  being  api)lied  to  the  cord  at  D,  in  the  shape  of  a  weight  W, 
tending  to  turn  one  of  the  pulleys  on  which  the  cord  runs  ; 
and  there  is  a  contact-breaker  at  C,  represented  by  a  screw  S, 
which  is  able  to  clamp  the  cord,  or  in  other  words  to  make 
the  resistance  of  the  external  circuit  infinite.  The  inner  coat- 
ing of  the  jar  may  be  represented  by  the  space  between  A  and. 
the  first  button  ;  the  outer  coating  by  the  space  betAveen  the 
last  button  and  B.  The  part  A  B  C  D  of  t\w  circuit,  since  it 
contains  ordinarily  next  to  no  resistance,  represents  very  good 
metallic  conduction. 

Suppose  initially  that  the  cord  is  free  at  C,  and  that  the 
weight  AV  has  never  been  applied  ;  all  the  elastics  will  be  ver- 
tical, the  buttons  will  be  at  the  same  distance  from  one  another, 
the  distance  A  1  equal  to  the  distance  B  8,  and  there  will  be  no 
excess  of  tension  in  any  part  of  the  cord.  This  represents  an 
uncharged  Leyden  jar,  its  inner  and  outer  coating  connected  by 
a  metallic  wire. 

Introduce  into  the  circuit  at  D  an  electromotor  (like  W). 
The  potential  towards  A  rises,  the  potential  towards  C  falls, 
and  the  cord  begins  to  move  from  A  to  B.  The  first  effect  of 
this  motion  is  to  displace  the  buttons  all  the  same  distance  to 
the  right — to  such  a  distance,  namely,  that  the  sum  of  the  ten- 
sions in  their  elastics  is  equal  to  the  weight  W.  Then  the 
cord  stops.  The  dielectric  is  polarized;  and  its  condition  is 
shown  in  I,  fig.  2.  Electricity  has  been  displaced  in  it  in  the 
direction  of  the  electromotive  force:  the  inner  coating  Al 
has  gained  cord;  it  is  charged  positively;  the  outer  coating 
B  8  is  charged  negatively  ;  pressure  is  exerted  on  the  left  face 
of  every  button,  and  tension  on  its  right  face  ;  that  is,  every 
stratum  is  electrified  positively  on  the  side  from  which  the 


■a 


Phil.  Mag.  S.  5.  Vol  2. PI.  Ill 


■*     \-i 


'l.il    Majj-i-  ■->    Vol  2P1J 


r  1 

1 

'T- 

4 

«& 

< 

9 

1 

<^ 

W                        .f?i 

lii 


N 


of  Electric  Induction  cuul  Conduction.  odd 

electricity  came,  negatively  on  the  other  side.  The  potential 
gradually  falls  from  A  to  B,  i.  e.  the  tension  in  the  cord  gra- 
dually increases  as  we  pass  along  it  from  A  towards  B.  The 
dielectric  is  in  a  state  of  strain  represented  by  the  stretching 
of  the  elastics  ;  and  it  is  tending  to  produce  a  count ercurrent, 
i.  e.  to  drive  the  cord  back  again. 

§  3.  Xow  clamp  the  cord  by  means  of  the  screw  S,  take  off 
W,  and  leave  the  whole  to  itself  for  some  time.  Several 
things  may  happen. 

1st.  The  buttons  may  remain  exactly  where  they  were,  which 
represents  a  dielectric  of  perfect  insulating  power  :  the  jar  will 
in  this  case  remain  charged  for  any  length  of  time,  and  the 
Avhole  charge  can  be  got  out  of  it  at  any  time  by  unclamping 
the  cord.     In  the  symbols  of  §  8, 

r=--^,    P  =  0,     ^  = -=...=.,/,  =  ,,=  ...  =Q,    .  =  0. 

As  soon  as  the  screw  S  is  undamped  all  the  buttons  spring 
back,  overshoot  their  mean  position,  and  execute  a  rapid  series 
of  decreasing  oscillations,  carr^-incj  the  cord  with  them  back- 
wards  and  forwards  until  they  come  to  rest.  The  discharge  of 
a  jar,  then,  is  not  a  simple  passage  of  electricity  in  one  direc- 
tion only,  but  is  a  rapid  series  of  discharges  in  alternately  op- 
posite directions,  which  last  until  the  energy  stored  up  as  strain^ 
in  the  dielectric  is  all  converted  into  heat  by  the  resistance  of  the 
circuit.  This  succession  of  alternately  opposite  sparks  Fedder- 
sen*  has  observed  experimentally  by  looking  at  the  apparently 
simple  spark  of  a  Leyden  jar  in  a  revolving  mirror.  If  it 
were  possible  to  close  the  circuit  so  rapidly  that  very  little  of 
the  discharge  should  have  taken  j^lace  before  good  metallic 
contact  was  made,  the  succession  of  opposite  currents  would 
probably  last  quite  an  appreciable  time.  They  might  perhaps 
be  detected  bv  dischargino- the  iarthrouo-h  a  o-alvanometer  and 
an  electrodynamometer  at  the  same  time  ;  the  relation  between 
their  indications  would  probably  be  different  in  this  case  from 
what  it  is  when  either  a  continuous  ciu'rent  or  a  simple  one- 
di  recti oned  discharge  is  sent  through  them  both. 

2ndly.  The  buttons  may  all  slowly  and  equally  slide  back 
towards  their  normal  position.  This  will  happen  if  the  relation 
between  their  friction  on  the  cord  and  the  elasticitv*  of  their 
strings  is  the  same  for  all.  The  model  ^\\\  in  this  case  repre- 
sent a  homogeneous  dielectric  with  feeble  conducting-power. 

*  Pogg.  Ann.  vol.  ciii.  Feddersen  saw  the  spark  drawn  out  into  a  suc- 
cession of  bright  pai'allel  lines  at  continually  rucreasing  intervals.  Max- 
well's theorv,  equation  (2),  §  9,  appears  to  make  the  intervals  all  equal,  but 
only  on  the  erroneous  assumption  that  the  cu'cuit  is  devoid  of  resistance. 
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If  left  to  itself  long  enough,  such  a  jar  would  he  found  com- 
pletely discharged  ;  and  since  all  the  buttons  would  have  pre- 
served their  original  distance  from  one  another,  there  would 
be  no  internal  charge  in  any  part  of  the  jar  ;  and  residual 
charge  is  impossible.  The  values  of  the  symbols  of  §  ^  for 
this  case  are 

/i  =  /2=...,    p.^=  J. .;>=...  ,     —  =  -  =  ...=■-      a  =  Oi 

Ki  K.2  p 

and  after  charging  it  by  means  of  an  electromotive  force  E„ 
and  leaving  it  for  any  time  t,  the  whole  charge  can  be  got  out 
of  it  at  once,  and  its  amount  will  be 

_  J 

3rdly.  Some  of  the  buttons  may  be  smoother  or  may  have 
stronger  elastics  than  others;  and  in  such  case  they  will  slide 
back  more  quickly  than  the  others  and  Avill  represent  strata  of 
comparatively  high  conducting-power.  Thus  in  fig.  1,  or  in 
II  (tig.  2),  3,  5,  and  6  are  such  buttons,  especially  5  ;  while 
1,  4,  7,  and  8  have  remained  pretty  steady  Avithout  slipping. 
What,  then,  is  the  condition  of  the  dielectric  in  this  state  ?  The 
slipping  back  of  some  of  the  buttons  will  have  relieved  the  ten- 
sion on  the  cord,  in  other  words,  will  have  diminished  the  differ- 
ence of  potential  of  the  two  coatings  ;  but  no  motion  of  the  cord 
has  taken  place  either  way  because  of  the  clamp  at  C.  In  the 
figure  the  buttons  1  and  8  have  remained  tight  on  the  cord; 
consequently  the  charges  on  the  two  coatings  happen  to  have 
remained  constant ;  but  charges  have  appeared  in  between  the 
strata.  For  instance,  between  3  and  4  there  is  too  much  cord; 
the  dielectric  is  there  positively  charged  ;  between  4  and  5 
it  is  negatively  charged.  The  difference  of  potential  between 
the  two  faces  of  the  stratum  5  has  almost  -vanished. 

§  4.  Now  unclamp  the  screw  S,  i.  e.  make  metallic  contact 
between  the  two  coatings  :  a  rush  of  electricity  takes  place; 
the  buttons  spring  back,  and  after  a  few  oscillations  take  up 
the  position  of  equilibrium  shoAxn  in  III,  fig.  2.  They  have  in 
fact  been  all  displaced  the  same  distance  to  the  left;  and  so 
those  which  (like  3,  h,  and  G)  had,  before  discharge,  slid  almost 
to  their  mean  position  are  now  displaced  beyond  it,  and  the  strain 
in  their  elastics  is  acting  in  the  reverse  direction  to  what  it  did 
before  ;  consequently  the  elastics  of  1,  2,  4,  7,  and  8  have  not 
been  able  quite  to  resmne  their  normal  length,  but  they  remain 
in  such  a  state  of  strain  as  to  exert  as  much  stress  one  way  as 
the  elastics  of  3,  5,  and  6  are  exerting  in  the  other  direction. 
The  jar  then  appears  discharged,  l)ut  we  have  not  yet  got  the 
whole  charge  out  of  it.     Screw  down  S  again  and  wait. 
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The  slippery  buttons  3,  5,  and  6  will  again  gradually  slide 
back  almost  to  their  mean  position,  the  tension  which  their  elas- 
tics exerted  towards  the  right  will  be  relieved,  and  we  shall  pre- 
sently have  an  unbalanced  tension  in  the  same  direction  as  at 
first:  this  is  the  ''  residual  charge;"  and  the  state  of  things  is  re- 
presented in  IIII,  tig.  2.  On  unscrewing  S  a  second  motion  of 
the  cord  will  take  place,  and  the  buttons  will  take  up  a  fresh  posi- 
sition  of  tem^^oi-ary  equilibrium.  The  numbers  annexed  to  the 
four  cases  I,  II,  III,  and  IIII  indicate  the  electromotive  force,  or 
the  stress  on  the  cord,  in  each  case.  Thus  when  first  charged  it 
is  24 ;  after  standing  some  time  it  falls  (say)  to  17  ;  immediately 
after  the  first  discharge  it  is  of  course  0 ;  and  after  again  waiting 
some  time  it  rises  to  3  in  the  same  direction  as  before,  again  to 
fall  to  zero  when  the  second  discharge  occurs.  Still,  however, 
the  jar  is  not  wholly  discharged,  because  the  slippery  buttons 
Avill  again  have  been  displaced  beyond  their  mean  position  and 
will  slide  back  again  ;  so  it  will  take  an  infinite  number  of  mo- 
mentary contacts  completely  to  discharge  the  jar,  unless  indeed 
every  stratum  allows  a  little  slipping  to  go  on. 

This  is  Professor  Clerk  Maxwell's  theory  of  a  composite 
dielectric,  which  he  explains  in  art.  328  of  his  '  Electricity  and 
Magnetism,'  and  which  he  also  illustrates  mechanically  in 
art.  334. 

§  5.  If  any  button  is  perfectly  smooth,  it  does  not  get  dis- 
placed at  all,  and  it  therefore  takes  no  part  in  the  action.  It 
would  represent  a  film  of  gold  leaf  lying  inside  the  glass  of 
the  jar  parallel  with  the  coatings  ;  and  it  would  become  oppo- 
sitely charged  with  electricity  on  its  two  sides — negative  on 
the  side  facing  the  positively  charged  coating,  and  positive  oa 
the  other  ;  for  the  other  buttons  would  evidently  move  closer 
up  to  it  on  one  side,  and  away  from  it  on  the  other. 

This,  together  with  the  preceding,  really  illusti-ates  the  whole 
of  the  phenomena  ordinarily  spoken  of  as  charge  in  conductors 
according  to  the  view^s  of  Faraday  and  Maxwell ;  for  to  elec- 
trify any  conductor  by  induction,  you  place  it  inside  a  jDolar- 
ized  dielectric  (usually  the  air),  and  the  opposite  electricities 
appear  on  its  surface  exactly  as  in  the  above  piece  of  gold  leaf; 
while  to  "  charge  a  conductor  "  Avith  one  kind  of  electricity 
you  use  the  conductor  to  coat  one  face  of  a  polarized  dielectric, 
which  is  done  by  judiciously  relieving  its  state  of  strain  on 
one  side  only  of  the  conductor  you  wish  to  charge.  Conduc- 
tors then  are  to  be  looked  upon  statically  as  mere  interruptors 
in  the  continuity  of  a  dielectric  medium  ;  and  if  the  medium 
is  polarized,  charge  appears  at  the  surface  of  discontinuity. 
Regarded  in  this  way,  the  analogy  betw^een  electrification  and 
magnetization  is  very  close ;  and  we  can  no  more  get  positive 
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electricity  detaclied  from  an  equal  quantity  of  negative  than 
we  can  get  a  north  pole  detached  from  a  south:  only  in  one 
case  steel  is  the  polarized  mcdinin,  in  the  other  case  air. 

§  ().  Instead  of  making  momentary  contacts  as  in  §  4,  we 
might  leave  the  screw  Sup  so  as  to  obtain  a  feeble  continuous 
cuiTcnt  from  the  dielectric  by  reason  of  X\w  gradual  slipping 
of  some  of  its  buttons,  till  it  is  completely  discharged.  The 
streno;th  of  this  current  at  anv  instant  Maxwell  calculates  in 

art.  aao. 

Again,  after  having  cliarged  the  dielectric,  instead  of  re- 
moving AV,  we  mioht  leave  it  on  and  not  clamp  the  cord. 
This  would  represent  a  jar  permanently  comiected  with  an 
electromotor  maintaining  a  constant  dilference  of  potential. 
If  none  of  the  buttons  slipped  on  the  cord,  nothing  would  in 
this  case  happen  after  the  first  charge.  If  all  the  l)uttons 
slipped  equally,  we  should  get  a  feeble  continuous  conduction- 
current  through  the  dielectric  after  the  first  rush  due  to  elec- 
trical displacement  had  subsided.  But  if  some  of  the  buttons 
remained  firm  on  the  cord  while  others  slipped,  we  should  have 
a  slight  continuous  current  not-  purely  of  conduction,  nor 
purelv  of  displacement,  but  of  both  combined.  There  would 
be  conduction  through  the  slipping  buttons,  and  there  would 
be  displacement  of  the  tight  ones  with  increasing  tension  in 
their  elastics  to  make  up  for  the  relaxation  of  the  others  ;  and 
this  might  go  on  for  a  long  time,  the  current  continually 
getting  weaker.  This  is  actually  observed  in  the  dielectric 
of  submarine  cables  (cf.  Maxwell,  art.  3G6).  The  insulating 
material  of  a  cable,  in  fact,  consists  of  layers  of  different  mate- 
rials (gutta  percha,  Chattei-fon's  compound,  &c.)  laid  in  strata 
over  the  conductor,  as  if  these  residual-charge  effects  were 
exactly  what  was  wanted  to  make  a  good  cable.  I  suppose 
that  they  do  not  exert  any  detrimental  influence  on  the  use  of 
a  cable,  the  method  of  signalling  being  what  it  now  is ;  but 
if  it  were  desired  to  lessen  these  effects,  it  might  be  done  by 
rendering  the  dielectric  as  homogeneous  as  possible,  first  of 
all  by  making  it  of  only  one  material,  and  secondly  by  laying 
this  'material  on  the  conductor  by  some  process  which  shall 
not  necessarily  develop  in  it  a  stratified  structure  as  the  present 
method  does. 

Disrujitive  DiscJi arge. 
§  7.  When  the  electromotor  is  acting  on  the  dielectric  in 
the  way  last  described,  the  strain  in  some  of  the  elastics  may 
become  so  great  as  to  break  some  of  them  ;  we  should  then 
have  partial  or  complete  disruptive  discharge,  and  the  subse- 
quent resistance  of  the  dielectric  would  be  much  diminished. 
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Sucli  disruptive  discharge  as  this  represented  by  a  snapping  of 
the  elastics  is  analogous  to  the  rupture  of  solid  dielectrics  like 
glass.  In  fluid  dielectrics  like  air,  the  disruptive  discharge 
maj  be  better  represented  by  a  slipping  of  the  pins  to  which 
the  elastics  are  fastened  along  a  groove  parallel  with  the  cord  : 
at  each  slip  the  cord  makes  a  bound  forward;  but  no  perma- 
nent damage  is  done.  (If  at  any  one  point  a  slip  takes  place, 
the  extra  stress  thrown  on  to  the  others  is  liable  to  make  them 
give  way  too.)  A  discharge  of  this  sort  is  a  kind  of  electro- 
lysis, and  may  be  supposed  to  go  on  slowly  in  glass  at  a  high 
temperature.  It  would  be  accompanied  by  a  polarization  of  the 
electrodes,  as  we  shall  see  later  (§  §  13  and  15).  Discharge  in  a 
vacuum-tube  seems  to  be  of  this  nature.  If  partial  disruptive 
discharge  occurs  at  points  inside  a  dielectric,  it  will  in  general 
give  rise  to  internal  charge,  even  though  the  dielectric  be  of 
uniform  conductivity,  because  the  buttons  will  not  preserve 
their  original  distances  from  one  another  on  the  cord. 

Maxwell's  Theory  of  a  Composite  Dielectric. 

§  8.  Let  us  now  see  how  the  model  must  be  made  in  order 
to  agree  accurately  with  the  dielectric,  as  investigated  in  art. 
328,  vol.  i.  of  Maxwell's  '  Electricity.' 

It  is  there  supposed,  "  for  the  sake  of  simplicity,  that  the 
dielectric  consists  of  a  number  of  plane  strata  of  diflerent  ma- 
terials and  of  area  unity,  and  that  the  elech'ic  force  acts  in  the 
direction  of  the  normal  to  the  strata."  The  row  of  buttons  in 
our  model  (fig.  1)  Avill  represent  this  collection  of  strata; 
and  we  shall,  for  simplicity,  consider  the  normal  distance  be- 
tween adjacent  buttons  in  the  row  as  unity.     The  thickness  %, 

^2, of  any  stratum  is  then  equal  to  the  number  of  buttons 

(or  molecules)  which  compose  it;  and  the  whole  thickness  of  the 
dielectric  Oi-\-a2  +  ....  +  an  will  equal  n,  the  whole  number  of 
buttons.  Since  all  the  buttons  in  any  one  stratum  have  exactly 
the  same  properties,  we  may  if  we  like  consider  each  button 
to  represent  an  entire  stratum,  and  take  ai  =  «2  =  •••  =  !;  and 
this  is  what  we  shall  virtually  do  in  what  follows.  The  other 
symbols  employed  in  the  investigation  are  the  following,  with 
their  meanings  affixed  (1st,  the  electrical  one  after  Maxwell, 
and  2nd,  the  corresponding  meaning  expressed  in  terms  of 
the  mechanical  model): — 

Xi,  X2,  &c.  [the  resultant  electrical  force  vs-ithin  each  stra- 
tum]. The  tension  in  the  elastic  of  each  button  if  the 
buttons  are  unit  distance  apart,  or,  more  generally,  the 
difference  between  the  pressures  on  the  corresponding 
faces  of  two  consecutive  buttons  divided  by  the  distance 
between  them. 


360         Mr.  0.  J.  Lodge  on  a  Mechanical  Illustration 

Pi,P2,  &c-  [tlie  current  due  to  conduction  through  each 
stratum].  The  rate  at  which  the  cord  slips  through  each 
button. 

/ij/25  *^<-'-  [^1^6  electric  displacement].  Tlie  distance  of  each 
button*  from  its  mean  position. 

Ill,  Uo,  &c.  [the  total  current  through  each  stratum,  due 
partly  to  conduction  and  partly  to  variation  of  displace- 
ment]. The  rate  at  which  the  cord  passes  In'  a  point  in 
each  stratum  fixed  in  space. 

Vi,  r2,&.c.  [the  specific  resistance  referred  to  unit  of  volmne]. 
The  coefficient  of  "  friction  "  (see  §  10)  between  the  cord 
and  each  button. 

Ki,  K2,  &c.  [the  coefficient  of  electric  elasticity,  which  is 

equal  to  ^,  where  Ki,  Ko,  &c.  are  the  specific  inductive 

capacities  of  the  several  strata  (see  Maxwell,  art.  60)]. 
The  "  coefficient  of  elasticity  "  of  each  elastic,  or  the  force 
tending  to  replace  a  button  when  displaced  unit  distance 
from  its  mean  position  (see  §  10). 

E  [the  electromotive  force  due  to  a  voltaic  battery  placed 
in  any  part  of  the  external  circuit].  The  force  applied  at 
an  external  point  such  as  D  (fig.  1)  to  move  the  cord, 
or  the  tension  in  the  part  of  the  cord  between  D  and  C 
minus  that  in  the  part  between  D  and  A. 

u  [the  current  rn  the  external  circuit  and  battery].  The 
rate  at  which  the  cord  passes  over  the  fixed  pulleys. 

Q  the  total   quantity  of  j  f^";^}""^'^^^'  }    ^vhich    has    passed 

through  the  external  circuit  up  to  the  time  t.    Q  =  l  ndt. 

Jo 
Bp  [the  resistance  of  the  battery  with  connecting  wires]. 
The  drag  on  the  cord  in  the  external  circuit,  including  elec- 
tromotor at  D,  pulleys,  and  any  other  rubbing  surfaces 
as  S. 

*  In  the  model,  then,  electric  displacement  in  a  dielectric  is  accompa- 
nied by  displacement  of  matter.  It  may  possibly  be  so  also  in  fact;  and 
if  so,  on  suddenly  charging  or  discharging  a  condenser,  a  sudden  kick 
might  be  observed,  the  body  as  a  whole  being  thrown  forwai'd  with  a  mo- 
mentum equal  and  opposite  to  that  of  its  displaced  particles.  But  this  is 
not  at  all  necessary,  because  one  does  not  see  to  what  the  other  ends  of  the 
elastics  can  be  attached  except  to  another  set  of  buttons  which  get  dis- 
placed in  the  opposite  direction  by  a  negative  cun-ent  simultaneous  with, 
and  equal  to,  the  recognized  positive  current.  (This  set  of  buttons  must 
be  understood  to  take  the  place  of  the  fixed  beams  employed  in  the 
model  for  convenience.)  As,  nowever,  there  is  no  reason  apparent  why  the 
masses  of  the  two  sets  should  be  equal,  a  kick  might  be  observed  equal 
to  the  ditlerence  of  the  two  momenta  j  at  any  rate  it  is  worth  looking  for. 
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0-12  [the  surface-density  of  electricity  on  the  surface  which 
separates  the  first  and  second  strata].  The  length  of  cord 
in  excess  of  the  normal  length,  which  exists  between  the 
first  and  second  buttons. 

R  the  regular  Ohmic  resistance  of  the  dielectric,  or 

«l''l  +  «2'"2  +•••.+  «»?'«. 

C  the  capacity  of  the  dielectric  measured  instantaneously, 
i.  e.  without  allo\^'ing  time  for  any  slipping  between  cord 

and  buttons,  or  ^^  ;  it  equals . 

ah  ^  aiKi  +  a2K2  +  ....  +  anKn 

§  9.  Maxwell  then  goes  on  to  consider  what  happens  in  any 
one  stratum  (say,  the  first)  when  the  electric  forces  are  brought 
to  bear  on  the  dielectric. 

By  Ohm's  law  we  must  haye 

aiXi  =  ai?'ipi (1) 

Maxwell's  theory  assumes 

Si=vi; (2) 

and  by  definition  of  total  current, 

"^=P^+f (3) 

Also  eyidently 

<^l2=f-2-fl, (4) 

and 

d<Ti.2  . . . 

-dr=P'-p-' ^^) 

These  equations  being  giyen,  certain  consequences  follow, 
of  which  the  most  obyious  are 

V]^=iXl.-,=  ....=  Un=U,        ....       (7) 

and 

E  =  rtiXi +  02X2 +  ....,    ....  (10) 

while  the  most  important  is  a  relation  between  E  and  u,  which 
is  obtained  by  substituting  in  (3)  the  values  of  jo  and  /  from  (1) 
and  (2),  and  then  adding  up  in  accordance  with  (10)  thus, 

E  =  (aiDi  +  a2D2 +  ....)»,    .     .     .  (11) 

where  D^  stands  for  the  operator  ( 1 )    . 

\}\      «i    at/ 

Equations  (4)  and  (2)  giye  us 

o-  .^  _  ?2  _  Xi 

K2  Ki  ' 

which  shows  that  internal  charges  will  appear  unless  the  stretch- 
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ing  forces  are  proportional  to  the  elasticities  of  the  several 
threads,  or  unless  these  elasticities  are  infinite  (as  they 
practically  are  in  the  case  of  metals).  If  an  accumulator  be 
charged  by  means  of  an  electromotive  force  E„  contiimed  so 
long  that  the  p  become  uniform  and  constant  and  equal  to 

E 

^,  the  last  equation  may  be  written,  by  help  of  (1), 

which  proves  that  there  will  be  no  internal  charge  even  in  this 
case  if  the  r  are  proportional  to  the  k  (cf.  case  2,  §  3). 

After  having  charged  the  jar  with  this  long-continued  force 
E,^,  discharge  it  instantaneously,  and  then  leave  it  to  itself  for 
a  time  t  with  S  screwed  down.  The  difference  of  potential 
between  the  two  coatings,  which  was  at  first  zero,  rises  by  irre- 
gular slipping  of  the  buttons;  and  its  value  E  at  the  end  of 
any  time  is  given  by  (24),  which  we  may  write 

A  quantity  of  electricity  EC  can  at  the  same  time  be  got 
out  of  the  jar;  and  this  is  the  residual  charge. 

Conditions  required  of  the  Model  in  order  to  he  an  accurate 
representation. 

§  10.  The  conditions  which  the  model  does  not  naturally 
satisfy  are  (1)  and  (2).  Condition  (2),  however,  that  the  re- 
storing force  shall  vary  Avith  the  displacement,  is  nearly  satis- 
fied by  fig.  1  for  small  displacements  ;  and  it  can  be  made 
accuratelv  true  by  jiassing  each  elastic  through  a  smooth  fixed 
rino-  placed  in  the  line  of  its  mean  position  at  a  distance  from  the 
fixed  pin  equal  to  the  natural  length  of  the  unstretched  elastic. 
Then  (2)  is  satisfied  by  the  model ;  and  each  button,  if  pulled 
aside,  would  execute  a  succession  of  simple  harmonic  motions 
about  its  mean  position. 

To  satisfy  condition  (1)  is  not  quite  so  easy.  Electrical 
resistance  is  very  different  from  ordinary  friction,  though  they 
are  to  some  extent  analogous.  The  smallest  electromotive 
force  is  sufficient  to  produce  some  current  against  any  resist- 
ance however  great,  and  the  current  increases  proportionally 
to  the  electromotive  force  from  zero  upwards  ;  but  friction  is 
a  discontinuous  quantity.  For  small  values  of  force  applied 
to  move  a  body,  the  friction  is  exactly  equal  to  the  force,  and 
the  body  does  not  move  ;  but  as  the  force  increases,  at  a  cer- 
tain critical  point  the  friction  suddenly  falls  from  the  value 
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of  the  force  at  that  instant  to  something  less,  and  at  this 
value  it  continues  constant  as  long  as  the  body  continues  to 
move.  This  appears  nearly  what  is  wanted  to  imitate  disrup- 
tive discharge  in  a  vacuum-tube  (see  Mr.  Varley's  experi- 
ments, Maxwell,  art.  369);  but  in  the  case  of  a  metallic  con- 
ductor or  an  ordinary  dielectric,  the  cord  is  required  to  slip 
through  the  buttons,  if  it  slip  at  all,  even  when  the  force  is 
slight ;  and  the  rate  of  slip  is  always  to  be  proportional  to  the 
force.  This  might  be  roughly  attained  in  the  model  by  making 
each  button  of  a  short  piece  of  india-rubber  tube  well  greased 
inside,  and  by  attaching  the  ends  of  its  elastics  to  a  ring  fixed 
on  the  tube  near  one  end,  so  that  when  it  was  displaced  the 
pull  on  its  elastics  should  make  it  grip  the  cord  more  tightly, 
and  thus  keep  the  ratio,  between  the  force  pulling  the  cord 
through  and  the  rate  at  which  it  came  through,  roughly  con- 
stant. But  it  would  be  probably  unnecessary  to  do  this  ;  for 
by  making  very  smooth  and  well-oiled  buttons  pinch  the  cord 
tightly,  one  could  arrange  that  the  cord  should  be  able  to  ooze 
slowly  through  them  without  sticking ;  and  then  the  residual- 
charge  phenomena  would  be  imitated  by  the  model  with  suffi- 
cient closeness.  Moreover  I  have  reason  to  think  that  friction 
between  cord  and  metal  is  not  independent  of  velocity. 

Metallic  Conduction. 
§  11.  In  order  to  make  the  model  represent  the  flow  of 
electricity  through  a  metallic  conductor,  Ave  have  only  to  make 
the  resistances  r  small  and  the  elasticities  k  very  great.  We 
thus  approximate  to  a  set  of  smooth  buttons  supported  on 
rigid  fixed  rods,  as  shown  in  fig.  3.  In  this  case  the  displace- 
ments are  zero,  the  whole  current  is  a  conduction-current  ; 
and  there  is  no  tendency  to  a  reversal  of  the  current  by  reason 
of  an  opposition  electromotive  force.     In  symbols, 

/=0,     2^  =  u,     cr  =  0,     k^caj  ,     E=Ew. 

To  make  it  exhibit  electrolytic  conduction  (or  rather  convec- 
tion), we  shall  see  in  §  13  that  the  rods  supporting  the  buttons 
must  still  be  rigid,  but  that  the  pins  by  which  they  are  at- 
tached to  the  beams  must  slide  in  a  long  groove  parallel  with 
the  cord. 

Submarine  Cables.  (See  also  §  6.) 

§  12.  If  a  circuit  consists  of  a  simple  wire  hung  in  space 
the  passage  of  electricity  through  it  will  be  represented  in  the 
model  by  a  single  endless  cord  ;  and  the  cord  may  be  abso- 
lutely inextensible,  so  that  the  propagation  of  potential  takes 
place  instantaneously  ;  or  possibly  it  may  be  more  in  ac- 
cordance with  Maxwell's  theory  to'say  that"the  cord  is  so  very 
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nearly  inextensible  that  impulses  are  propaorated  along  it  with 
the  velocity  of  lioht.  But  it"  the  wire,  instead  ot  han<nn(r  in 
tree  space,  is  coated  with  some  insulating  material  and  im- 
bedded in  the  ground,  the  propagation  ot  potential  goes  on 
comi)aratively  slowly.  There  are,  in  fact,  besides  the  simple 
circuit  straight  through  the  wire  and  back  through  the  earth,  a 
multitude  of  lateral  circuits,  each  represented  by  a  separate  cord, 
one  tor  each  unit  area  of  the  dielectric.  When  an  electromotive 
force,  say,  a  negative  potential  or  a  pull,  acts  at  one  end  of  such  a 
compound  circuit,  its  first  etfect  is  to  pull  out  those  cords  which 
otfcr  least  resistance ;  in  fact  the  current  is  split  among  the 
several  circuits  in  the  inverse  ratio  of  their  res[)ective  resist- 
ances. The  direct  and  longest  cord  feels  a  slight  instanta- 
neous pull  indeed;  but  it  is  only  slight  until  the  cords  through 
the  dielectric  have  been  pulled  and  a  tension  set  up  all  along 
the  line.  While  this  is  going  on,  the  pull  on  the  direct  cord  is 
gradually  increasing.  It  would  be  possible  to  represent  all 
this  by  a  sutHciently  elaborate  model  ;  but  the  action  may  be 
imitated  with  only  a  single  cord  if  it  be  arranged  zigzag  on 
pulleys  supported  by  elastic  strings,  as  shown  in  fig.  4.  A 
sudden  pull  at  one  end  of  such  a  cord  will  stretch  the  elastics 
of  the  near  pulleys  ;  the  strain  so  caused  will  stretch  the  next, 
and  so  on  ;  and  thus  the  impulse  will  be  transmitted  along  the 
cord,  getting,  however,  weaker  and  weaker  as  it  advances.  A 
still  simpler  imitation  of  the  effects  observed  would  be  obtained 
by  making  the  direct  cord  itself  elastic  ;  but  such  an  illustration 
would  have  very  little  analogy  with  the  process  really  going  on. 

Electrolytic  Conduction . 

§  13.  A  model  intended  to  represent  the  passage  of  a  cur- 
rent through  an  electrolyte  is  shoAvu  in  fig.  5  ;  but  it  is  not 
intended  to  be  actually  constructed  *.  In  this  figure  the  buttons 
are  supported  by  rigid  rods  ;  but  instead  of  these  being 
screwed  to  beams  as  in  fig.  3,  they  are  attached  to  rings  which 
slide  freely  on  two  glass  rods  a  and  h.  The  additional  piece 
Z  is  a  knife-edge  mounted  on  elastic  pillars  or  spiral  steel 
springs,  and  placed  close  to  the  cord,  so  that  its  sharp  edge  is 
in  the  path  of  the  buttons  if  they  travel  along.  The  friction 
between  the  cord  and  the  buttons  is  supposed  to  be  practically 
infinite. 

Now  hang  a  weight  W  on  to  its  hook  at  D  and  note  what 
occurs.  The  cord  moves  from  A  toward  B,  carrying  with  it 
the  buttons,  Avhich  travel  bodily  forward  without  bending  their 

*  The  electrolytic  model  here  described  is  capable  of  considerable  sim- 
plification and  improvement. 
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supports,  by  reason  of  the  slipping  of  their  rings  on  a  and  h. 
This  represents  that  no  opposition  electromotive  force  is  gene- 
rated in  the  electrolyte  itself,  but  that  it  offers  a  little  ordinary 
resistance  to  the  passage  of  the  current;  also  that  the  current 
is  conveyed  by  a  bodily  transfer  of  material — -that  it  is,  in  fact, 
a  convection-current.  Further,  since  the  buttons  do  not  slip 
on  the  cord,  the  length  of  cord  between  any  two  of  them  re- 
mains constant  ;  i.  e.  there  is  no  internal  charge  developed  in 
the  electrolyte.  This  natural  length  of  cord  between  two  adja- 
cent buttons  maybe  called  the  "  molecular  charge  ;"  it  appears 
to  be  the  same  (up  to  a  simple  factor)  for  all  substances,  and 
is  what  Maxwell  calls  one  molecule  of  electricity . 

Now  let  button  No.  9  reach  the  electrode  Z  ;  it  travels  on, 
compressing  the  elastic  supports  and  calling  out  an  opposition 
force  which  may  be  sufficient  to  check  the  descent  of  W,  or  it 
may  not.  Suppose  that  it  is  not ;  then  the  button  still  moves 
on,  its  pressure  against  the  knife-edge  increases,  until  the  button 
is  cut  in  half  and  released  from  the  cord.  The  tension  being 
thus  suddenly  relieved,  the  cord  makes  a  bound  forward,  the 
"molecular  charge"  of  No.  9  passes  over  the  pulleys,  and 
No.  8  comes  into  contact  with  the  electrode,  to  be  opposed,  cut, 
and  released  in  like  manner.  When  a  button  has  been  cut,  it 
merely  hangs  by  its  rings  to  the  rods  a  and  h,  offering  a  little 
passive  obstruction  because  it  has  to  be  pushed  forward  by  the 
others  ;  but  it  presently  gets  pushed  off  the  ends  of  the  rods, 
and  it  then  falls  away.  The  cord  thus  progresses  in  a  rapid 
succession  of  jerks ;  but  as  in  any  actual  circuit  the  number 
of  cords  parallel  to  one  another  is  very  great,  the  average 
motion  is  continuous  and  not  jerky. 

The  procession  of  buttons  towards  Z  represents  the  proces- 
sion of  the  atoms  of  the  cathion  (say  hydrogen)  toward  the 
cathode  ;  when  they  reach  it,  they  at  first  develoi^  an  opposi- 
tion electromotive  force  at  its  surface  ;  but  presently  getting 
released,  they  deliver  up  their  molecular  charges  to  it,  rise 
through  the  liquid,  slightly  increasing  its  resistance,  and  escape 
as  gas. 

In  order  to  diminish  the  polarization  of  the  electrode,  the 
knife-edge  may  be  sharpened,  which  corresponds  to  making 
the  electrode  of  gold  or  platinmn  yistead  of  copper  or  iron  ;  or 
the  buttons  may  be  softened  and  rendered  easier  to  cut,  which 
represents  either  a  cathion  less  electro-positive  than  hydrogen, 
or  else  the  addition  of  a  solvent  like  nitric  acid.  Strengthen- 
ing or  weakening  the  springs  which  support  Z  does'  not 
afi'ect  the  electromotive  force  called  out;  but  it  does  alter 
the  time  during  which  the  reverse  current  lasts.  Platinum 
(when  not  covered  with  "black,"  as  in  Smee's  cell)  must  be 
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supposed  to  have  weak  springs;  for  the  hydrogen  clings  tightly 
to  it,  and  the  reverse  current,  occasioned  bv  the  expansion  of 
the  compressed  springs,  lasts  a  considerable  time. 

I  have  sup])osed  the  buttons  rigidly  stuck  to  the  cord  ;  but 
if  any  electrolyte  allows  a  trace  of  electricity  to  pass  through 
it  by  onlinary  conduction  without  ecpiivaleut  electrolvsis,  then 
the  cord  must  l)e  allowed  to  slip  through  the  buttons  a  little*. 

§  14.  But  the  model  is  as  yet  only  half  a  one  ;  it  does  not 
repi'esent  the  oxygen  proceeding  up  stream  to  the  anode.  To 
show  this  we  require  another  set  of  buttons,  ranged  alongside 
the  first  set,  on  a  cord  which  is  driven  in  the  reverse  direction 
by  the  same  weight  W,  and  which  rejjresents  a  sinuiltanoous 
equal  opposite^  current  of  negative  electricity.  These  ])uttons 
are  also  attached  to  rings  sliding  on  rods  a'  and  //;  and  these 
rods  a'  and  h'  nmst  lie  close  to  a  and  h  respectively,  so  that 
the  H  buttons  and  the  0  buttons  may  rub  against  one  another 
as  they  travel  in  opposite  directions.  Indeed  I  imagine  that 
the  rods  themselves  are  to  be  infinitely  smooth  (and  might 
really  be  dispensed  with,  rings  and  all),  so  that  there  is 
no  real  metallic  resistance  in  an  electrolyte,  but  only  the 
resistance  (which,  however,  has  been  found  to  follow  Ohm's 
law)  due  to  the  clinging  of  the  atoms.  This  clinging  of  the 
atoms  is  not  great — it  does  not  represent  chemical  combina- 
tion ;  for,  according  to  the  theory  of  Clausius,  it  is  not  the 
chemically  combined  atoms  which  are  undergoing  electrolysis, 
but  some  comparatively  free  ones  knocking  about  among  them. 
Our  model  then  onh'  represents  the  Clansian  atoms. 

The  electrode  at  which  the  oxygen  atoms  are  liberated  must 
not  be  supposed  to  impede  their  progTess,  but  on  the  con- 
trary to  assist  it,  especially  if  made  of  zinc  or  some  metal  oc- 
cupying a  similar  position  in  the  voltaic  series.  It  may  be 
conceived  of  as  attracting  each  button,  as  it  comes  near, 
against  its  knife-edge  and  cutting  it  off  the  cord  ;  it  is  thus 
generating  electromotive  force  in  the  same  direction  as  W, 
and  rendering  any  external  electromotive  force  unneces- 
sary for  the  propulsion  of  the  cord,  provided  that  the  opposi- 
tion at  the  cathode  does  not  overpower  it.  We  have  here 
imagined  a  voltaic  cell  carrying  on  electrolysis  and  genera- 
ting a  current  on  its  own  account.  The  buttons  cut  oii"  at  the 
anode  stick  to  it  by  reason  of  its  attraction,  and  may  be  con- 
sidered as  combining  with  a  portion  of  it.  They  \y\\\  then 
tend  to  block  up  the  circuit  unless  washed  off;  and  so  the  pole 
gets"eaten  away. 

Seeing  that  the  smallest  force  is  sufficient  to  make  the  move- 

*  Faraday  is  said  to  have  found  this  to  occur  in  certain  cases.  (See 
Thomson  on  Electrolysis  in  the  Phil.  Mag.  for  December  1851,  p.  431.) 
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ment  of  the  free  atoms  preponderate  in  one  direction,  it  seems 
worth  while  to  tr\'  if  incipient  decomposition  cannot  be  pro- 
duced in  a  sokition  of  double  tartrate  of  iron,  or  other  conve- 
^-ient  salt,  bv  magnetism.  One  might  use  iron  electrodes,  care- 
fully depolarized,  connected  with  a  galvanometer,  and  arranged 
so  that  either  can  be  magnetized  at  pleasure.  The  current 
produced,  if  too  feeble  to  be  directly  observed,  might  be  detected 
by  using  it  to  charge  a  condenser.  But  a  more  Hkely  way 
would  be  to  send  a  current  through  the  solution  by  a  yery 
small  external  electromotiAC  force,  first  in  one  direction  and 
then  in  the  other,  and  to  measiu"e  it  each  time  ;  in  one  case 
iron  would  have  to  be  carried  against  magnetic  force,  in  the 
other  case  with  it  (cf.  Maxwell,  art.  263).  If  the  end  of  a  mag- 
net were  cup-shaped  and  were  filled  with  a  magnetolyte,  I  suj>- 
pose  that  a  continuous  action  would  go  on,  tending  to  deepen 
the  hollow,  because  the  middle  of  a  magnet  is  magnetized 
more  feebly  than  the  external  portions. 

§  15.  If  we  make  a  heterogeneous  electrolyte  W  taking  a 
number  of  strata  of  difi^erent  materials,  such  a  composite  sti'uc- 
tui'e  will  not  be  capable  of  internal  or  of  residual  charge  as 
a  composite  dielectric  is  ;  for  the  buttons  remain  at  their  proper 
distance  from  one  another  on  the  cord,  and  this  distance  is  the 
same  for  all  the  different  substances  by  Faraday's  law. 

It  is,  however,  possible  for  a  body  to  possess  the  properties 
both  of  an  electrohte  and  of  a  dielectric ;  e.  g.  waiin  glass  *. 
The  flow  of  a  cun-ent  through  such  a  substance  would  be  imi- 
tated by  making  the  connexions  between  the  buttons  and 
rings  in  fig.  5  elastic  strings  instead  of  rigid  rods.  Internal 
charge  kc.  would  then  be  possible — not,  indeed,  as  in  an 
ordinary  dielectric,  by  slipping  of  the  buttons  on  the  cord,  but 
by  unequal  slipping  of  the  rings  on  the  rods.  It  mav  be  that 
conduction  in  dielectrics  is  always  of  this  electrolytic  nature^ 
and  not  metallic,  as  was  imagined  in  fig.  1,  §  2,  &c. 

Electrolytic  Momentum . 

§  16.  The  mass  of  oxygen  carried  through  the  liquid  in  one 
direction  is  eight  times  that  of  the  hydrogen  carried  in  the 
same  time  in  the  opposite  direction  ;  hence,  so  long  as  these 
materials  are  being  accelerated,  it  seems  as  if  a  momentum 
should  be  imparted  to  the  liquid  as  a  whole,  equal  to  the  difier- 
ence  of  momenta  generated  in  the  oxygen  and  hydrogen  in 
the  same  time.  The  acceleration  lasts  only  the  inappreciably 
short  time  during  which  the  current  is  assuming  its  constant 
value.     Let  v  be  the  velocity  imparted  to  a  mass  m  of  hvdro- 

*  See  Buff  {Ann.  der  Chemie  unci  Pharnt.),  quoted  by  [Maxwell,  art.  271 
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gen  in  this  time  ;  then,  if  M  is  the  mass  of  the  liquid  and  con- 
taining vessel,  the  vessel  will  apparently  be  kicked  backwards 
with  an  initial  velocity  v',  where 

Mr'  +  mr  — 8mi-  =  0 (1) 

Now  suppose  the  containing  vessel  to  be  a  cylinder  of  which 
the  electrodes  form  the  ends,  each  of  area  a,  at  a  distance  apart 
equal  to  d  ;  let  p  be  the  density  of  the  electrolytic  liquid  ;  and 
let  (/  be  the  maximum  density  of  the  eloctrolyzable  hydrogen  in 
the  liquid — that  is,  the  mass,  per  cubic  centimetre  of  the  liquid, 
of  hydrogen  actually  in  motion  near  the  cathode  under  the  in- 
jfluence  of  the  current.  Then,  if  h  cubic  centimetres  of  hvdro- 
gen  gas  at  the  density  cr  be  liberated  per  second  by  the  current 
when  constant,  the  mass  of  this  hydrogen  will  be 

I,a  =  ava' (2) 

The  average  density  of  the  electrolyzable  hydrogen  may  be  con- 
sidered as  ^a-'i  so  the  whole  mass  of  hydrogen  set  in  motion 
through  the  liquid  is 

in=^\ad<T' = -^ , (3) 

while  the  mass  of  liquid  and  containing  vessel 

M  =  aclp  +  fji. 
Hence,  neglecting  the  mass  /a  of  the  containing  vessel, 
,  _  Imv  _  lh(T 

This  velocity  would  be  extremely  small;  but  it  may  be  worth 
looking  for.  The  electrolytic  cell  should  have  the  plates  small, 
because  their  area  occurs  in  the  denominator  of  (4),  and  it 
should  be  suspended  at  the  end  of  a  short  counterpoised  tor- 
sion-arm. Any  twisting  of  the  suspending  thread  might  be 
observed  with  a  mirror  and  scale.  The  current  should  not  be 
allowed  to  last  long  enough  to  evolve  any  gas;  or  the  reaction 
of  the  rising  gas  might  swamp  the  effect  looked  for.  The 
best  plan  would  seem  to  be  to  reverse  the  current  at  regular 
short  periods  corresponding  Avith  the  previously  ascertained 
period  of  oscillation  of  the  torsion-arm.  The  impulses  would 
then  accumulate,  and  the  gas  would  not  form  on  the  plates  in 
any  quantity. 

The  connexion  indicated  by  (2)  between  the  velocity  of  elec- 
tricity and  the  mass  of  moving  electrolytic  hydrogen  in  a 
cubic  centimetre  of  the  electrolyte  seems  to  be  of  interest, 
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if  it  be  correct,  viz. 

ha-  ^ 

"~  ~Zt  ' 
acr 

This  velocity  v  is  not  the  rate  of  propagation  of  potential ;  it 
is  the  actual  velocity  of  the  electricity  itself  (on  the  hypothesis 
that  it  travels  with  the  ions)  when  passing  through  that  par- 
ticular cell  and  liberating  ha  grammes  of  hydrogen  gas  every 
second.  I  see  no  way,  however,  of  ascertaining  the  unknoAvn 
density  a^,  except  through  a  determination  of  v  by  an  experi- 
ment founded  on  equation  (4). 

I  have  hitherto  supposed  water  to  be  the  electrolyte  ;  but 
practically,  of  course,  dilute  sulphuric  acid  would  be  used, 
and  it  would  be  the  group  of  atoms  SO4  which  would  travel 
against  the  current,  and  not  oxygen.  This  group  being  forty- 
eight  times  as  heavy  as  hydrogen,  we  must  read  47  for  7  in 
the  above  formula.  It  therefore  seems  reasonable  to  expect 
that  if  the  method  succeeded  and  oave  measurable  results,  in- 
formation  might  be  obtained  by  means  of  it  concerning  the 
actual  chemical  action  caused  directly  by  the  electric  current, 
independent  'of  any  secondary  chemical  action  to  which  the 
products  ultimately  liberated  at  the  electrodes  may  be  due. 

Besides  the  sudden  kick  mentioned  above,  a  continuous  mo- 
tion of  the  vessel  seems  possible,  because  fresh  matter  is  con- 
tinually being  set  in  motion,  while  the  matter  already  in  motion 
is  being  ejected.  The  momentum  generated  per  second  from 
this  cause  should  be  equal  to  Alhav.  But  then  the  impact  of 
the  matter  liberated  at  the  electrodes  might  exert  force  on 
them,  which  would  be  almost  exactly  equal  and  opposite  to 
that  exerted  on  the  ions.  Various  ways,  however,  suggest 
themselves  of  looking  for  the  two  forces  separately,  or  of 
making  them  assist  instead  of  oppose  each  other  ;  and  it  is  easy 
to  arrange  so  that  there  shall  be  no  evolution  of  gas.  The 
impact  of  the  cathion  would  be  advantageously  observed  by 
depositing  silver  on  a  flat  electrode,  varnished  on  one  side, 
and  hung  to  the  end  of  a  torsion-arm — remembering  that  ro- 
tation due  to  the  earth's  magnetism,  and  probably  other  dis- 
turbing causes,  such  as  "migration  of  the  ions,"  will  have  to 
be  eliminated. 

Different  Electromotors. 

§  17.  We  have  hitherto  supposed  the  electromotive  force  to 
be  applied  to  the  cord  in  the  shape  of  a  weight  hung  to  it. 
This  may  be  said  to  represent  roughly  a  battery  or  thermopile 

*  It  would  be  more  correct  to  write  ""'  I  1  ~  ^T"? )  instead  of  0'  in  this  and 
equation  (2).    The  whole  of  §  16,  however,  is  very  questionable  at  present. 
Phil.  Marj.  S.  5.  VoL  2.  No.  12.  i\^or."l876.  2  B 
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exerting  a  constant  electromotive  force.  But  we  aliso,  in 
the  consideration  of  electrolysis,  saw  a  little  further  into  the 
real  action  going  on  in  a  voltaic  cell  ;  and  we  shall  pruhahly, 
in  a  subsequent  conununication,  try  to  look  into  the  internal 
mechanism  of  a  thermoelectric  joint. 

Tliere  are  other  ways,  however,  of  moAing  the  cord  than  by 
a  weight.  We  may  attach  a  piece  of  elastic  to  it,  stretch  the 
elastic,  and  fasten  its  free  end  to  a  nail ;  the  elastic  would  then 
tend  to  unstretch  itself  ;  and  it  would  pull  the  cord  a  certain 
distance,  quickly  or  slowly  according  to  the  resistance  of  the 
circuit.  This  represents  a  current  due  to  tlie  subsidence  of  a 
given  ditference  of  potential  such  as  would  be  produced  in  a 
wire  by  arranging  it  Ijetween  a  sphere  charged  with  a  certain 
quantity  of  electricity  and  the  earth,  or  by  using  it  to  join  up 
tile  coatings  of  a  charged  Leyden  jar. 

A  third  way  of  moving  the  cord  would  be  to  wind  it  romid 
an  axle  and  then  to  turn  the  axle  with  a  Avinch.  This  would 
represent  electromotive  force  generating  ditference  of  potential 
or  doing  other  work  at  a  limited  rate,  as  in  a  magnetoelectric 
or  an  ordinary  electric  machine.  To  represent  the  latter,  the 
axle  must  be  thin  and  the  handle  turned  slowly  ;  the  current 
produced  would  then  be  veiy  weak  at  the  best  of  times,  but 
it  would  be  little  aftected  by  increasing  the  external  resistance, 
and  it  would  be  able  to  break  through  the  elastics  of  a  di- 
electric, /.  e.  to  produce  a  disruptive  discharge.  If  slipj»ing 
takes  place  between  the  cord  and  the  driving-apparatus,  it 
means  that  energy  is  being  wasted  by  some  means,  such  as 
friction  in  a  machine  or  "  local  action  "  in  a  battery. 

Effects  of  rapidly  reversed  small  Electromotive  Forces. 

§  18.  Instead  of  pulling  the  cord  continuously  in  one  direc- 
tion or  the  other,  let  us  shake  it  rapidly  to  and  fro.  In  a  per- 
fect dielectric  no  energy  will  be  lost ;  for  the  buttons  are  car- 
ried with  the  cord,  and  their  elastics  exert  a  restoring  force, 
which  tends  of  itself  to  make  the  cord  oscillate  with  a  succes- 
sion of  simple  harmonic  motions.  But  in  a  metallic  conductor 
the  cord  simply  slips  through  the  buttons,  no  restoring  force 
is  called  out,  and  the  energy  of  the  displacement  is  lost  by 
friction. 

These  small  to-and-fro  motions  represent  the  effect  of  waves 
of  light  tailing  on  the  body ;  for,  whatever  the  cord  does  or 
does  not  correspond  to  in  nature,  it  certainly  represents  a  con- 
tinuous incompressible  medium  connecting  together  the  par- 
ticles of  bodies ;  and  supposing  light  to  be  small  and  rapid 
oscillations  of  such  a  medium,  it  would  be  represented  by  small 
and  rapid  oscillations  of  the  cord.     But  the  linear  extension  of 
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a  cord,  though  "well  enough  fitted  to  picture  a  linear  electric 
current  or  a  stream-line,  is  not  well  adapted  for  the  represen- 
tation of  the  continuous  medium  at  rest.  One  can,  however, 
partly  get  over  this  by  supposing  that  the  cords  are  lying  in 
all  directions,  and  that  all  are  connected  together  in  some  way*. 

Let  us  then  picture  to  ourselves  a  dielectric  medium  as  an 
assemblage  of  particles  (or  buttons)  joined  together  by  elastic 
strings  and  threaded  by  straight  inextensible  cords  which  fonn 
three  mutually  connected  sets,  each  set  at  right  angles  to  the 
other  two.  Imagine  a  set  of  transverse  waves  running  down  the 
set  of  cords  parallel  to  the  axis  of  ^.  The  cords  in  the  direction 
ic  and  y  will  be  shaken  backwards  and  forwards  with  their  but- 
tons: but  no  energy  will  be  lost,  and  the  disturbance  will  pass 
right  through  the  medium  at  a  rate  dependent  on  the  z  cords 
themselves,  on  the  masses  of  the  particles,  and  on  the  elasti- 
city of  their  joining  threads.  An  insulating  medium  is  then 
a  transparent  medium,  provided  it  is  sufiiciently  homogeneous 
not  to  scatter  the  light,  and  provided  it  does  not  contain  jDig- 
ments  or  other  foreign  absorbent  materials. 

But  now  form  an  image  of  a  metallic  conducting  medium  : 
the  cords,  as  before,  thread  particles  in  three  cardinal  direc- 
tions ;  but  the  particles  are  now  ver  j  smooth  and  are  connected 
to  each  other,  not  by  elastic  strings,  but  by  nearly  rigid  rods. 
Oscillations  travelling  down  the  axis  of  z  displace,  indeed,  the 
X  and  y  cords ;  but  since  these  slide  through  their  buttons,  no 
restoring  force  is  thereby  called  out,  and  the  disturbance 
does  not  succeed  in  penetrating  far  into  the  medium  before 
its  energy  is  all  lost  in  friction — converted  into  heat.  A  con- 
ducting body  is  necessarily  an  opaque  body  (see  Maxwell, 
art.  798). 

In  a  dielectric  the  connexion  between  a  button  and  the  cord 
is  good,  but  the  connexion  between  one  button  and  another  is 
lax.  Motion  of  the  cord  is  therefore  readily  and  quickly  im- 
parted to  the  buttons,  or  vice  versa  ;  i.  e.  dielectrics  are  o-ood 
absorbers  and  radiators  f.  Motion  of  a  button  is  only  slowly 
transmitted  to  other  buttons  ;  they  are  in  general  bad  conduc- 
tors of  heat.  In  a  metal,  on  the  other  hand,  it  is  not  easy  to 
set  the  buttons  swinging  by  means  of  the  cord  ;  but  if  a  button 
be  once  set  in  motion,  its  motion  is  rapidly  transmitted  (by 
conduction)  through  the  mass.     There  is  here  no  exj)lanation 

*  Maxwell's  theory  is  not  responsible  for  the  tendency  in  the  model  to 
make  out  that  an  electric  current  is  a  current  of  aether. 


t  Cf.  Eaakine  "  On  the  Hypothesis  of  Molecular  Vortices,"'  Phil.  Mao-. 
July  1851,  p.  62,  supposition  3.     The  "  atmospheres  "  of  his  atoms  appear 

2  B  2 


to  correspond  to  buttons,  while  their  ''nuclei''^  agree  to  some  extent  with 
the  cord. 
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indicated  of  the  close  relation  known  to  exi.<t  between  electric 
condnctivitv  and  contUictivity  for  heat.  Thcv  appear  to  de- 
pend on  two  distinct  thin<>;s — the  first  on  the  "  friction " 
between  the  bntton  and  the  cord,  the  second  on  the  elasticity 
of  the  rods  or  strings  connecting  the  buttons  together.  Never- 
theless it  is  an  experimental  fact  that  the  two  apparently  di- 
stinct things  are  inverse  functions  of  one  another  ;  not  inipro- 
bably  they  are,  in  substances  of  similar  chemical  properties, 
simply  inversely  proportional  to  one  another. 

§  ID.  But  now  what  haj)pens  when  light  falls  on  an  elec- 
trolyte ?  If,  indeed,  the  whole  substance  were  composed,  as 
our  model  would  suggest,  of  atoms  in  a  nearly  disjointed  state, 
it  can  hardly  be  doubted  that  much  energy  would  be  lost  as 
light  in  effecting  decomposition.  But  in  reality  these  free 
"  Clausian  "  atoms  are  very  few  compared  with  the  atoms  in 
firm  chemical  combination  at  any  one  instant  ;  and  all  the 
compound  molecules  would  be  highly  elastic,  and  would  pro- 
pagate the  light-oscillations  perfectly  well,  the  force  being  by 
no  means  sufficient  to  pull  the  constituent  atoms  asunder  in 
most  liquids.  Hence  electrolytes,  though  conductors,  maybe 
transparent.  It  may  possibly  ha[)pen  that  some  of  the  waves 
are  to  some  extent  destroyed  by  the  occasional  free  atoms, 
and  that  the  absorption  of  light  in  deep  transparent  li(juids  is 
partly  due  to  this.  Again,  it  may  happen  in  some  electrolytes 
that  the  atoms  in  the  compound  molecules  themselves  are  so 
weakly  associated  as  to  be  shaken  asunder  even  by  liglit-oscil- 
lations,  especially  if  their  periods  are  sjnichronous.  This  dis- 
sociation would  be  especially  likely  to  manifest  itself  in  case 
one  or  both  of  the  constituents  tended,  as  soon  as  free,  to 
come  out  of  the  fluid  in  the  solid  state  ;  and  accordingly  it 
is  observed  in  a  solution  of  sulphuretted  hydrogen  and  in  Pro- 
fessor Tyndall's  ''  actinic  clouds." 

§  20.  If  through  a  dielectric  medium  such  as  we  have  ima- 
gined above  (§  18)  we  cause  an  electromotive  force  to  act  in 
the  direction  of  x,  w^e  must  picture  it  to  ourselves  as  a  pulling 
of  half  the  cords  which  lie  parallel  to  x  in  the  positive  direc- 
tion, and  the  other  half  in  the  negative  direction  (see  §  8, 
foot-note)  ;  and  the  elastics  being  stretched  by  this  action,  an 
X  oscillation  will  take  place  about  the  new  position  of  equili- 
brium in  a  shorter  period  than  before.  Let  fall  in  the  direc- 
tion of  z  a  beam  of  plane-polarized  light.  If  it  were  polar- 
ized so  that  its  vibrations  occurred  in  the  plane  xz,  it  would 
now  travel  quicker  through  the  medium  than  when  the  electro- 
motive force  was  not  acting  ;  on  the  other  hand,  if  its  vibra- 
tions occurred  in  the  plane  yz,  it  would  travel  apparently  at 
its  ordinary  rate.     (In  reality  its  velocity  would  in  this  case 
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■  be  just  as  much  diminished  as  the  velocity  in  the  first  case  is  in- 
creased, because  of  the  relaxation  of  tension  normal  to  the  lines 
of  force  ;  but  this  the  model  does  not  show.)  Let  the  real 
plane  of  polarization  be  xij.  Then,  resolving  each  oscilla- 
tion into  two  equal  components  parallel  to  x  and  y  respectivelj, 
the  y  component  will  be  retarded  behind  the  other  in  their  pas- 
sage through  the  medium  ;  and  when  the  beam  emerges,  it  will 
be  no  longer  plane,  but  elliptically  polarized.  The  amount  of 
ellipticity  depends  on  the  difference  of  the  velocities  of  the  two 
components  (which  depends  on  the  square  of  the  electromotive 
force),  and  on  the  thickness  of  strained  medium  through  which 
the  light  has  passed.  If  one  component  were  retarded  a  quarter 
wave-length  behind  the  other,  the  emergent  light  would  be 
circularly  polarized ;  so  the  actual  retardation  must  be  ex- 
tremely small,  as  the  change  in  the  light  is,  even  under  favour- 
able circumstances,  barely  perceptible.  This  is  the  pheno- 
menon long  looked  for  by  Faraday,  but  first  observed  bv  Dr. 
Kerr  *,  of  Grlasgow,  last  year. 
University  College,  London. 

Note  added  October  14,  1876. 

Since  the  above-  was  in  print  I  have  seen  a  paper  of  Sir  William 
Thomson's  in  the  Philosophical  Magazine  for  June  18.53,  "  On 
Transient  Electric  Currents,"  from  which  I  gather  that  AVeber  had 
already  applied  his  electrodynamometer  to  the  investigation  of 
transient  currents — in  which,  moreover,  1  find  that  Thomson  pre- 
dicted the  expei'iment  of  Dr.  Feddersen,  mentioned  above  (§  3 
and  footnote,  p.  355),  almost  exactly,  and  calculated  the  value 
of  every  oscillation  in  a  discharge.  It  is  also  shown  that  all  the 
oscillations  ought  to  occiu'  at  equal  intervals  of  time,  whatever  be 
the  resistance  p  of  the  discharging  circuit,  provided  only  that  it 
remains  constant.     The  interval  is  not  indeed  the  simple  harmonic 

•    -I         ""        1       ■    •             ■^''^ 
semiperiod -,  but  it  is  — —t ^-r;,   A  being    a    constant 

which  I  do  not  yet  understand,  but  which  Thomson  calls  "  the  elec- 
trodynamic  capacity  of  the  discharger."  I  imagine,  therefore  that 
the  increasing  intervals  actually  observed  were  due  to  the  resistance 
of  the  air,  across  which  the  discharge  took  place,  increasing  as  the 
strength  and  heat  of  the  successive  sparks  diminished. 

It  appears  that  the  model  agrees  perfectly  with  Thomson's 
theory,  except  that  it  locates  the  principal  cause  of  the  action  in  the 

*  Phil.  Mag.  November  and  December  1875.  The  most  singular  point 
in  Dr.  Kerr's  discovery  is  liis  observation  that  bodies  may  be  divided  into 
two  classes — those  which  act  as  if  compressed  along  the  lines  of  force,  and 
those  which  act  as  if  extended.  I  have  repeated  his  experiments  with 
glass,  but  not  without  failures  sufficient  to  excite  my  admiration  for  the 
skiU  and  patience  involved  in  the  discovery. 
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charged  body  instead  of  in  tho  discharging  wire ;  for,  taking  the 
model  of  a  condenser  of  capacity  C  ("={»(,)"'),  and  dist-liarging  it 
through  a  circuit  of  resistance  p,  the  restoring  force,  at  any  instant 
during  the  discharge  when  the  cord  is  displaced  /  and  is  Hying  back 
with  velocity  «,  is 


c-y-p 


w. 


there  being  of  course  no  time  for  any  slip  between  cord  and  but- 
tons. AVriting  this  thus,  with  A  for  the  total  mass  of  all  the  dis- 
placed particles, 

and  noticing  that  f=q,  and  that  when  ^=0  'y=Q  and  v=0,  we 
obtain  at  once  Thomson's  fundamental  equation,  (5)  p.  395,  from 
which  all  his  results  follow. 

In  this  paper  I  have  abstained  from  mentioning  current-induc- 
tion, because  1  have  not  yet  read  Maxwell's  second  volume ;  but 
the  model  suggests  ideas  as  to  the  nature  of  the  process  concerned 
in  producing  the  extra-current  &c.,  which  I  expect  will  turn  out 
useful. 


XLY.  Theoretical  Explanations  of  Additional  Phenomena  of 
the  Radiometer.  By  Professor  Challis,  M.A.,  F.R.S., 
FM.A.S.* 

AT  the  end  of  the  "  Theory  of  the  Radiometer "  which  I 
proposed  in  the  Philosophical  Magazine  for  May  1876, 
I  stated  that  I  gave  with  reservation  tho  explanation  of  the 
rotation  of  the  glass  globe  when  it  is  floating  in  water,  not 
having  then  seen  Mr.  Crookes's  comninnication  "  On  the  Move- 
ment of  the  Glass  Case  of  a  Eadiometer  "  contained  in  the 
'  Proceedings  of  the  Poval  Society,'  No.  1G8,  p.  409.  On 
reading  that  communication,  I  found  experimental  proof  that 
the  movement  of  the  glass  glohe  Avas  indicative,  as  I  had 
inferred  from  theoretical  considerations,  of  "friction  be- 
tween the  glass  support  and  the  point  on  which  the  system 
of  vanes  turns."  This  explanation  has  recently  been  con- 
firmed by  an  experiment  made  by  M.  Jeannel  (see  Phil.  Mag. 
for  October  1876,  p.  320),  who  observed  that  the  rate  of  rota- 
tion was  influenced  by  musical  vibrations  excited  in  the  sur- 
rounding air,  and  reasonably  attributes  this  effect  to  momen- 
tary suspensions  of  the  friction  between  the  pivot  and  its  sup- 
port caused  by  oscillations  impressed  on  the  instrument  by  the 
aerial  vibrations. 

The  main  })urpose  of  the  present  conununication  is  to  take 
into  theoretical  consideration  some  additional  experiments  of 
*  Commimicated  by  the  Author. 
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a  rerv  remarkable  character,  announced  bv  Mr.  Crookes  in 
the  '  Proceedings  of  the  Royal  Society,'  No.  172,  p.  136.  I 
refer  chiefly  to  the  phenomena  exhibited  by  "  a  small  piece  of 
pith  hanging  down  like  a  pendulum  at  the  distance  of  about  a 
millimetre  from  the  rotating  vanes  of  the  radiometer."  It  was 
noticed  that  "  scarcely  any  movement  of  the  pendulum  was 
produced  when  the  rotation  was  very  rapid  ;  but  at  one  parti- 
cular velocity  the  pendulum  set  up  a  considerable  movement." 
At  the  suggestion  of  Professor  Stokes,  the  candle  which  by  its 
light  produced  the  rotation,  was  placed  at  the  distance  from 
the  radiometer  for  which  a  revolution  of  an  arm  of  the  fly 
s;)Tichronized  with  a  vibration  of  the  pendulum.  "  In  this 
way  the  pendulum  was  kept  for  some  time  swinging  through 
a  large  arc." 

To  account  theoretically  for  these  facts,  I  have,  first,  to  direct 
attention  to  that  part  of  the  article  in  the  May  Xumber  where 
it  is  said  (p.  396)  that  "  the  incident  light  thus  produces  an 
abnormal  state  of  the  atoms  at  and  near  the  superficies  of  the 
vane,  analogous  in  some  degree  to  the  state  of  the  superficial 
atoms  of  a  body  electrified  by  friction."  Since  this  was 
^-ritten  I  have  seen  reasons  (which  will  presently  be  adduced) 
for  concluding  that  the  light,  or  heat  in  the  radiant  form,  in- 
cident on  the  vanes  has  the  efi'ect,  after  being  transmuted  into 
heat  of  temperature,  of  so  changing  the  relative  positions  of 
the  atoms  in  a  superficial  stratum  as  actually  to  induce  the 
electric  state.  According  to  the  hydrod^niamical  theory  of 
electricity  which  I  have  proposed  in  the  Philosophical  Maga- 
zine for  October  1860,  and  in  '  The  Principles  of  Physics,' 
pp.  544-546,  the  electrified  state  of  a  solid  body  is  solely  and 
necessarily  the  result  of  a  displacement  of  the  atoms  constitu- 
ting a  thin  superficial  stratum  from  their  normal  positions. 
According  to  the  same  theory  such  disturbance  of  the  super- 
ficial atoms  is  always  accompanied  by  an  interior  gradation  of 
atomic  density,  in  consequence  of  which  setherial  streams  are 
generated  and  maintained  by  the  action  of  those  setherial  vi- 
brations to  which  are  due,  iinder  normal  circumstances,  the 
attractive  and  repulsive  forces  treated  of  in  mv  communica- 
tion in  the  September  Number.  It  was,  in  fact,  argued  in  the 
''  Theory  of  the  Eadiometer,"  given  in  the  May  Number,  that 
the  state  of  the  vanes  is  such  as  is  here  stated,  although  they 
were  not  directly  said  to  be  electrified.  I  shall  now  assume 
that  they  are  in  the  condition  of  electrified  bodies,  and  proceed 
to  inquire  what  consequences  follow  from  this  supposition  rela- 
tively to  the  new  fiicts  it  was  proposed  to  account  for. 

Since  the  light,  or  heat  in  a  radiant  form,  incident  on  the 
vanes  is  converted  into  heat  of  temperature  in  greater  degree 


37(5  Prof.  Cballis  s  Theoretical  Explanations  of 

at  its  bliickoned  surface  than  at  the  other,  the  two  surfaces  are 
electrified  in  different  degrees  ;  and,  rehitively  to  a  neutral  state, 
one  is  positively  electrified  and  the  other  negatively  electri- 
fied. Now  by  an  experimental  law  of  electrical  action  (which 
is  also  accounted  for  by  the  hydrodynaniical  theory),  a  face  of 
the  vane,  whether  positively  or  negatively  electrified,  as  it 
approaches  the  piece  of  })ith  will  attract  it ;  and  the  oppo- 
sitely electrified  face  of  the  same  vane,  after  passing  the  pith, 
will  also  attract  it,  supposing  there  is  no  contact  between  the 
vane  and  the  pith.  Consequently  the  ])iece  of  pith  is  drawn 
in  opposite  directions  in  quick  succession  if  the  rotation  of  the 
vanes  be  very  rajiid  ;  and  as  im})ression  of  motion  takes  time, 
it  might  well  hap})en  that,  under  these  circumstances,  no  per- 
ceptible motion  takes  place.  If,  however,  the  rotation  is  slow, 
the  attraction  of  the  vane  in  one  direction  may  take  effect 
before  that  in  the  opposite  direction  commences,  in  which  case 
an  oscillatory  motion  of  the  pith  ball  will  be  produced.  Clearly 
the  oscillations  will  be  most  steady  when  by  reason  of  synchro- 
nism of  the  time  of  oscillation  of  the  pith  with  the  time  of  re- 
volution of  the  vane,  the  attraction  of  a  fjiven  vane  acts  like 
gravity  on  a  pendulum.  If  the  oscillation  of  the  pith  ball  be 
produced,  as  seems  to  be  supposed,  by  the  intervention  of  the 
action  of  the  vanes  on  the  residuum  of  air  in  the  globe,  it  is 
wholly  inexplicable  that  there  should  be  no  perceptible  effect 
when  the  rotation  of  the  vane  is  very  rapid,  and  might  be  ex- 
pected to  cause  great  disturbance  of  the  air.  The  facts  that 
no  oscillation  is  produced  by  a  rapid  rotation,  and  that  oscilla- 
tion commences  after  diminishing  the  rate  of  rotation,  are  well 
accounted  for  by  the  present  theory  ;  and  these  explanations 
justify  at  the  same  time  the  assumption  of  the  electric  state  of 
the  vanes. 

In  the  Institut  of  July  5,  p.  213,  an  account  is  given 
of  an  experiment  by  M.  Ducretet,  according  to  which,  by 
throwing  ether  on  the  glass  globe  to  produce  depression  of 
temperature,  the  rotation  of  the  vanes  is  first  stopped,  and 
then,  by  continuing  the  cooling,  is  caused  to  take  place  in  the 
opposite  direction.  This  result  is  quite  in  accordance  with  the 
present  theory.  The  cooling  effect  of  the  ether,  according  to 
the  law  of  heat-exchanges,  causes  the  vanes  to  radiate  less 
heat,  or  even  changes  the  heat  into  cold  ;  and  as  the  cooling, 
for  the  same  reason  as  the  heating,  is  in  excess  at  the  blackened 
surface,  the  rotation  might  thus  be  stopped,  and  the  rotating 
force  might  lie  made  to  act  in  flic  contrary  direction. 

The  movement  of  the  vanes  is  afiected  by  two  causes — the 
presence  of  a  residuum  of  air,  and  the  friction  at  the  pivot 
above  spoken  of.     Before  exhaustion  of  the  globe,  no  motion 
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of  the  vanes  takes  place — the  reason  being,  according  to  the 
present  theory,  that  no  electricity  can  pass,  air  of  ordinary 
density  being  a  non-conductor.  On  producing  exhaustion 
the  rotation  commences  and  increases  up  to  a  certain  point, 
because  rarefied  air  is  a  conductor  of  electricity.  After  a 
high  degree  of  exhaustion  is  attained,  the  rate  of  rotation 
diminishes,  because  vacuum  is  a  non-conductor  of  electricity, 
and  an  approach  to  that  condition  has  a  retarding  effect. 
As  the  exhaustion  proceeds,  the  effect  of  the  friction  at  the 
pivot  becomes  more  prominent,  which,  however,  appears  from 
the  experimental  results  to  be,  after  all,  a  very  minute  quan- 
tity. A  degree  of  exhaustion  Avhich  actually  stopped  the 
vanes  was  not  reached.  I  can  see  no  a  priori  reason  why 
the  stoppage  should  occur  with  the  same  degree  of  exhaustion 
as  that  which  v.ould  prevent  the  passage  of  a  galvanic  spark 
under  2:)art'iCHlar  conditions.  The  vanes  continued  to  move 
when  the  degree  of  exhaustion  was  considerably  greater  than 
that  at  which  the  spark  ceased  to  pass  under  the  particular, 
conditions  arranged  for  the  comparison. 

On  further  trial  I  failed  to  verify  the  statement  made  in 
the  May  Number,  that  the  presence  of  a  magnet  in  the  neio-h- 
bourhood  of  a  radiometer  affected  the  rate  of  its  motion.  On 
the  contrary,  I  proved  by  more  careful  experiments  that  the 
streams  of  a  magnet  had  no  perceptible  effect  on  the  move- 
ment of  the  vanes.  This  result  might  have  been  anticipated 
from  the  circumstance  that  the  electric  streams  of  the  theory 
traverse  the  vanes  transversely,  so  that  the  addition  of  mag- 
netic streams  (with  which,  according  to  hydrodynamics,  the 
electric  streams  may  coexist)  produces  no  variation  of  a?therial 
density  at  the  vanes,  and  therefore  no  motive  force  tendino-  to 
give  them  motion.  The  case  would  be  different  for  a  set  of 
streams  symmetrical  with  respect  to  an  axis,  inasmuch  as  addi- 
tional streams  resolved  transversely  to  the  axis  would,  on  one 
side  of  it,  coincide  in  direction  with  the  original  streams  re- 
solved in  the  same  direction,  and  on  the  other  side  be  opposed 
to  them,  so  that  at  the  axis  there  would  be  a  gradation  of 
astherial  density  tending  to  impress  motion. 

I  think  it  right  to  explain  here  that  the  Theory  of  the  Ba- 
diometer  I  have  proposed  is  wholly  founded  on  those  a  priori 
principles  (stated  at  the  beginning  of  the  article  in  the  Sep- 
tember Number)  which  form  the  basis  of  the  theories  of  the 
different  physical  forces  which  I  have  for  a  long  time  been 
engaged  in  discussing  and  verifying,  and  that  consequently 
it  comes  into  no  kind  of  competition  •with  any  empirical  theory 
which  the  experimentalist  may  be  able  to  certify  by  the  means 
at  his  command.    An  established  empirical  theory  might,  how- 
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ever,  be  employed  to  test  the  truth  of  the  I'l  priori  theory, 
beciiuse,  if  tlio  latter  be  true,  it  outrlit  to  be  capable  of  living 
reasons  for  the  experimental  facts  on  which  the  empirical 
theory  is  fonntlcil.  The  phenomena  of  the  radiometer  have 
attracted  my  attention  as  bein<T  peculiarly  adapted  to  be  of 
service  in  carrying  on  researches  as  to  the  laws  of  physical 
force.  I  have,  in  fact,  been  able,  by  applying  to  them  the 
foregoing  theoretical  discussion,  to  settle  an  important  physical 
question.  In  my  Theory  of  Electricity  I  had  occasion  to  speak 
of  electricitij-radiants ,  but  had  no  means  of  determining  in 
what  order  they  stood  relatively  to  heat-radiants.  The  ten- 
dency of  the  explanations  given  in  this  connnnnication  is  to 
prove  their  identity,  at  least,  as  to  kind,  if  not  in  degree, 
with  heat-radiants,  and  to  show  that,  like  these,  they  are  sub- 
ject to  the  law  of  exchanges.  On  the  assumption  that  such 
is  their  character,  I  propose  to  conclude  this  communication 
with  giving  a  theory  of  the  induction  of  electricity  more  pre- 
cise than  that  contained  in  arts.  12-16  of  the  "  Theory  of 
Electric  Force  "  in  the  Phil.  Mag.  for  October  1860,  or  that 
in  pp.  521-531  of  '  The  Principles  of  Physics.' 

This  theory  of  electrical  induction  rests  essentially  on  a  cer- 
tain state  of  the  atoms  at  and  near  the  surface  of  a  body  (first 
recognized  by  Poisson),  according  to  which  through  an  ex- 
tremely small  thickness  the  density  of  the  atoms  increases  from 
the  surface  towards  the  interior.  The  fulfilment  of  this  con- 
dition is  necessary  for  the  equilibrium  of  the  atoms  so  situated. 
It  will  now  be  supposed  that  the  undulations  of  the  jether  cor- 
responding to  the  radiants  we  are  concerned  with  can  traverse 
substances  freely  without  undergoing  transmutation.  Such 
imduJations  pertain  to  the  electrified  state  of  a  solid  body, 
and,  in  conjunction  with  the  forces  of  atomic  repulsion,  main- 
tain by  attractive  action  the  interior  gradation  of  density 
which  is  a  necessary  condition  of  that  state.  When  a  body  in 
a  neutral  state  is  brouo-ht  into  the  neighbourhood  of  an  elec- 
trified  body,  those  radiants  of  the  latter  that  are  incident  upon 
it  pass  freely  through  it,  and  consequently  traverse  the  whole 
of  the  thin  superficial  stratum  of  Aarving  atomic  density  spoken 
of  above.  Kow  when  aether  in  motion,  whether  the  motion  be 
vibratory  or  steady,  penneates  a  collection  of  atoms  varying 
as  to  the  number  in  a  given  space  from  point  to  point,  there 
is  always  an  increment  of  the  velocity  of  the  rether,  and  there- 
fore a  decrement  of  its  condensation,  towards  the  parts  of 
greater  atomic  density.  The  variation  of  pressure  consequent 
upon  this  "^-ariation  of  condensation  acts  upon  the  atoms  and 
displaces  them  from  their  normal  i)ositions ;  and  this,  as  we 
have  already  argued,  suffices  to  induce  electricity.     It  is,  how- 


On  certain  large  Crystals  of  Enstat'de.  379 

ever,  to  be  considered  that  this  action  is  always  tow  ards  the 
interior  of  the  substance,  and  that  the  induction  of  electricity 
depeuds  on  the  diffei'ence  between  the  disturbances  at  the  two 
positions  at  which  the  radiant  cuts  the  surface  of  the  body, 
which  difference  arises  from  the  variation  of  the  intensity  of 
the  action  according  to  the  law  of  the  inverse  square.  It  is 
e^'ident  that,  althoug-h  the  radiants  may  be  effective  in  produ- 
cing motion  of  the  atoms  in  the  superficial  stratum  by  reason 
of  the  variation  of  atomic  density  that  subsists  there,  they  may 
still  be  of  an  orderw  hich,  like  light-  and  heat-radiants,  produce 
no  movement  of  the  body  as  a  whole. 

Cambridge,  October  17,  1876. 


XLYI.  On  certain  large  Crystals  of  Enstatite  found  hy  W.  C. 
Brogger  and  H.  H.  Heusch  at  Kjorrestad  near  Bamle,  South 
JS^orway.  Jlemoir  by  W.  C.  BroGGER  of  Chnstiania  and 
Gr.  voM  Rath  of  Bonn*. 

[Plate  JX.'] 

THERE  are  few  minerals  which  offer  an  equal  interest, 
from  the  point  of  view  of  the  progressive  development 
of  our  knowledge  of  them,  with  the  two  magnesian  silicates, 
enstatite,  MgSiOs,  and  olivine,  Mgo  SiOi-  It  is  well  kno^mi 
that  our  knowledge  of  the  latter  mineral,  in  proportion  as  it  is 
increased,  has  recognized  its  abundance  and  importance.  At 
first  found  almost  exclusively  in  volcanic  rocks  and  in  smaU 
crystals,  olivine  has  since  been  met  with  in  plutonic  and  meta- 
morphic  rocks,  the  "  serpentine  crystals  "  of  Snarum  having 
been  recognized  as  pseudomorphs  after  oK'S'iue.  This  mineral 
further  acquires  a  really  universal  importance  through  its  pre- 
sence in  meteorites. 

Nearly  the  same  may  be  said  of  enstatite.  Its  distribution  and 
its  importance  have  hitherto  been  less  recognizable  than  in  the 
case  of  olivine.  Professor  Kenngott,  nearly  twenty  years  ago, 
gave  the  name  of  enstatite  to  a  mineral  from  Mount  Zdjar  in 
Moravia,  the  composition  of  which  von  Hauer  detenniued  as 
that  of  a  normal  silicate,  MgSiOg  (^Ahad.  Wien,  vol.  xvi.  p.  162, 
1855).  Professor  Des  Cloiseaux  showed  by  means  of  optical 
researches  that  the  crystalline  system  of  enstatite  is  rhombic, 
and  estabHshed  the  difference  between  augite  and  enstatite 
{Bull.  Soc.  Geol.  vol.  xxi.  p.  105).  Professor  Rammelsberg 
first  proved  by  chemical  analysis  that  enstatite  is  a  constituent 
of  meteorites,  the  stone   of   Bishopsville   {Monatsher.   Akad. 

*  Communicated  bv  tbe  Crystallometric  Association.  Eeceived  Octo- 
ber 9,— Eead  October"27,  187U. 


380      MM.  W.  C.  Brogger  and  G.  voni  Rath  on  certain 

Berlin,  18G1).  Professor  N.  Story  Maskelyne  found  this 
mineral  in  the  Busti  meteorite  (Trans.  Hoy.  8oe.  clx.  18'J). 
Professor  von  Lang  showed,  in  an  admirable  investigation, 
how  rieh  were  the  combinations  of  the  enstatite  of  tlie  Breiten- 
bach  meteorite.  Nearly  at  the  same  time  vom  Rath  deter- 
minetl  the  crystals  of  hypersthene  of  Laach.  The  specimens 
from  botli  these  sources,  cosmical  and  terrestrial,  have  abso- 
lutelv  the  same  angles.  Imj)lanted  crystals  of  enstatite  j)re- 
senting  freely  formed  crystalline  faces  had  hitherto  been  un- 
known in  plutonic  rocks.  It  might  be  thought  that  if  they 
could  be  found  they  might  astonish  us  by  their  gigantic  size, 
like  the  olivines  of  Snarum;  and  in  this  expectation  we  are 
not  disappointed. 

In  the  a})atite  mine  of  Kjorrestad  between  Krageroe  and 
Langesund,  in  the  autumn  of  the  year  1874,  enstatite  was 
discovered  in  crystals  of  a.  size  reached  only  by  very  few  mi- 
nerals. The  locality  where  the  great  enstatite  crystals  have 
been  found  is  one  of  those  numerous  apatite  veins  of  Southern 
Korwav.  The  main  rock  of  this  part  of  the  coast  is  mica  and 
amphir)ole  slate,  in  which  the  apatite  veins  are  included.  Their 
predominating  mineral  is  amphibole. 

In  the  vicinitv  of  these  normal  veins  there  is  to  be  found  at 
the  Hankedalsvand,  not  far  from  Yestre  Kjorrestad,  an  isolated 
deposit,  as  a  thick  lode  constituted  principally  of  large  crys- 
tals of  enstatite  and  enormous  masses  of  rutile.  There  was 
not  much  apatite,  but  some  greenish-white  mica  and  talc  ;  and 
for  this  reason  apatite  was  obtained  only  for  a  short  time. 
Tile  enstatite  crystals,  from  0*o  to  0*-4  metre  in  size,  had 
been  thrown  away  unheeded,  till  they  were  discovered  by 
Brofcrer  and  Reusch  in  their  researches  on  the  apatite  beds 
(^Zeit.sehr.  d.  deidsch.  geo].  Gesellscli.  vol.  xxvii.  p.  64G,  1875). 
As  the  mine  of  Yestre  Kjorrestad  had  been  already  abandoned, 
the  investioations  of  the  discoverers  were  confined  to  the  matter 
thrown  out. 

The  enstatite  crystals,  occui-ring  in  more  or  less  elongated 
columnar  forms  always  broken  at  one  end,  were  no  doubt  origi- 
nallv  implanted  on  the  wall  of  the  lode.  The  space  between 
the  o-icrantic  enstatite  crystals  was  filled  with  silver-white  or 
licrht-n'reen  talc.  Also  in  the  interior,  and  principally  in  the 
decomposed  crust  of  the  enstatite,  we  see  minute  scales  of  talc, 
Iving  in  planes  parallel  to  the  prismatic  faces,  or  oftenerto  the 
bracliyi)inakoid,  formed  evidently  l)y  a  metamorphosis  of  the 
enstatite. 

The  new  crystals  excite  our  attention  at  first  by  their  size. 
Several  crystals  attain  a  magnitude  of  20  centims.  in  length 
and  in  breadth.     One  of  the  two  largest  specimens  measures 
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38  centims.  in  length,  26  in  breadth,  13  in  thickness  ;  the 
other  one,  notwithstanding  its  being  broken  at  both  ends,  is 
still  40  centiins.  long. 

The  crystals  show  a  predominating  vertical  rhombic  prism, 
whose  edges  are  nearly  rectangular.  The  makropinakoid  is 
much  developed,  whilst  the  brachvpinakoid  is  only  small.  An 
evident  rhombic  symmetry  is  seldom  to  be  recognized  on  the 
summits  of  the  crystals  ;  it  offers,  on  the  contrary,  a  pseudo- 
monoclinic  appearance.  A  very  characteristic  feature  of  the 
crystals  is  the  great  number  of  often  repeated  faces,  and  with 
small  inclinations  which  form  a  shallow  vaulted  summit.  We 
shall  return  to  the  study  of  the  crystalline  form  after  a  brief 
sketch  of  the  physical  and  chemical  properties.  The  surface 
of  the  crystals  otters  a  steatitic  appearance  :  the  faces  are  dull. 
This  steatitic  crust  is  only  thin,  reaching  at  the  utmost  10 
millims.  into  the  interior.  There  are  two  perfect  cleavages, 
parallel  to  the  prismatic  faces ;  the  third,  parallel  to  the  bra- 
ch-s-pinakoid,  is  imperfect.  The  lustre  of  the  first  two  is  pearly, 
whilst  that  of  the  imperfect  cleavage  is  only  glistening.  Nu- 
merous undulated  fissures  seen  on  the  cleavage-faces  are  con- 
nected  with  the  metamorphosis  into  steatite.  It  is  very  inter- 
esting by  means  of  the  microscope  to  observe  the  gradual 
change  of  enstatite  into  the  hydrous  combination.  The  specific 
gravity  of  our  enstatite  is  3'153.  The  composition  is  as  fol- 
lows : — 

SiO,    =58-00        0  =  30-93 
Alo03=    1-35  „     0-63 

FeO    =    3-16  „     0-70 

MgO  =36-91  „  14-76 

Ha  0   =    0-80 

100-22 

These  numbers  resemble  closely  the  composition  of  the  Mo- 
ravian specimen  from  the  Zdjar  Mountain,  and  those  of  the 
cosmical  enstatites  from  Bishopville  and  Busti. 

We  also  analyzed  the  steatitic  crust,  whose  specific  gravity 
=  2-867. 

SiOa    =57-62 

Al2  03=    1-48 

FeO    =    1-96 

CaO    =    0-12 

MgO  =34-72 

HoO    =    4-38 

100-28 
So  that  the  onlv  change  is  the  introduction  of  water. 
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Considorablo  difficulties  ])resont  thcinselves  in  the  optical 
investigation  of  the  Kjoirestad  enstatite,  arising  troni  the 
]»erfcct  cleavages  aiitl  the  inipertect  transparency.  Professor 
\)ci  Cloiseaux  had  the  kindness  to  undertake  the  research,  and 
determined  the  crystalline  system  from  the  oj)tical  character 
to  be  rhombic.  It  was  done  at  a  time  when  we  were  still  in 
doubt  concerning  the  form,  and  especially  as  we  had  not  yet 
reduced  the  forms  of  the  Kjorrestad  crystals  to  those  of  bron- 
zite  and  enstatite. 

According  to  Professor  Des  Cloiseaux,  the  oj)tical  axes  Hcmu 
the  brachypinakoid.  The  acute  positive  bisectrix  is  parallel 
to  the  edge  of  the  vertical  prism.  A  plate  cut  normally  to  this 
edge  gave  (in  oil): — 

o  / 
Right  hvperbola  to  the  normal  37  30 
Left      ^       „  „  41     0 

2H„.r  =  78  30 

Most  of  the  crystals,  as  already  mentioned,  show  a  remark- 
able deformity,  which  consists  in  a  dislocation  or  turning 
(round  the  makrodiagonal  as  axis)  of  all  the  faces  forming 
the  sunnnit.  The  brachydiagoual  becomes,  to  all  appearance, 
klinoaxis.  Whilst  the  crystals  show,  in  consequence  of  this 
deformity,  an  asymmetric  form  on  both  sides  of  the  macro- 
diagonal  plane,  the  brachydiagoual  plane  becomes  the  face  of 
svnnnetry.  It  is  difficult  to  believe  them  of  a  rhombic  cha- 
racter on  looking  at  only  a  few  of  these  crystals.  But  exami- 
nincr  more  of  them,  we  ^ei  convinced,  even  without  measuring, 
that  the  degree  of  the  dislocation  is  different  in  each  crystal, 
and  that  the  whole  phenomenon  is  to  be  reduced  to  pertur- 
bations. 

But  all  the  crystals  are  not  deformed :  some  of  them  are  of 
pure  rhomboidai  character;  and  these  allow  a  crystallographic 
identification  with  the  enstatite  of  Breitenbach  (following  von 
Lang,  SUzungsher.  Ah.  Wien,  vol.  lix.  2.  Abth.  Aprilheft, 
Jahrg.  18G1)),  and  with  the  hypersthene  from  the  Pocher  du 
Capucin  in  Montdore  and  from  the  lake  of  Laach  (Des  Cloi- 
seaux, Manuel  de  M'meralogie,  vol.  ii.  pp.  xiv-xviii ;  vom  Path, 
Poo-o-.  Ann.  vol.  cxxxviii.  p.  529,  and  vol.  clii.p.  29). 

In  order  to  be  able  to  comi)are  the  crystals  of  the  three 
above-mentioned  localities,  we  have  drawn  in  the  figures  1,  la, 
2,  2(7,  3,  3a  the  crystals  of  Breitenbach  (meteoric),  Laach,  and 
Pocher  du  Capucin. 

We  choose  as  the  primitive  form  the  pyramid  measuring  in 
the 
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On  tlie  eustatite      On  the  hypersthene 
of  Breitenbacli.  of  Laach. 

Makrodiagonal  edge  =125  52  125  58^- 

Brachydiagonal  edge  =127  36  127  38^ 
Lateral  edge      .     .      =    78  42  78  34^ 

Tliese  angles  give  the  followiDg  axis  : — 

a  (braclivdiagonal)  :  h  (macrodiagonal)  :  c  (vertical) 
=  0-97016  :  1  :  0-57097 

for  the  Breitenbacli  meteoric  enstatite,  or 

=  0-971326  :  1  :  0-57000 

for  the  hj-perstlieue  of  Laach. 

The  faces  represented  in  the  figures  receive  the  following 
formula  if  we  refer  to  the  preceding  axes  : — 

Des  Cloiseaux.  von  Lang. 

o={a  :h  :  c),V      ^  112 

i  =(ia  :  6  :  c),  2P2    a^  122 

e  =(a  :  26  :  c),  P2  n  124 

u  =(a  :  §6  :  c),  f  Pf   x 

ar=(ia  :16:  c),  2P    .  Ill 

m=(a:6:ccc),    coP  m  110 

7i=(2a  :  &  :occ),    ocP2  120 

z  —{a:2h:  occ),    gcP2 


7i  =(cca  :  46  :  c),  iPcc e* 

/;=(<xa:  26  :  c),  iPoo e^  104 

a  =  (a  :  006  :  occ),    00 Poo h^  010 

6  =(  Gca  :  6  :  occ),    ocPoo    g'^  100 

c  — (ooa  :  oc6  :  c),  OP j9  001 

There  was  only  one  angle  on  the  crystals  of  Kjorrestad  which 
could  be  measured  wdth  the  reflection-goniometer — that  is  to 
say,  the  angle  of  the  two  cleavage-faces,  =91°  25'-91°  40'. 
Yon  Lang  determined  this  angle  on  the  enstatite  of  Breiten- 
bacli =91°  44'.  On  the  h\qDersthene  of  Laach  I  found  this 
angle  =  91°40';  whilst  Des  Cloiseaux  gives  the  angle  =  91°32i' 
for  the  hypersthene  of  Capucin,  as  the  mean  of  several  mea- 
sures. All  the  other  angles  of  the  Kjorrestad  crystals  can 
only  be  measured  with  the  contact-goniometer,  and  even 
that  only  approximately,  in  consequence  of  the  striatiou,  the 
arching,  oscillation,  and  repetition  of  the  faces,  sometimes 
already  decomposed. 

One  of  the  largest  crystals  in  the  Musemn  of  Christiania 
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(nu'asurin^  alonor  the  axis  a  12  contiin.s.,  along  the  axis  h  20 
centims.)  shows  undoubted  rhombic  symmetry.  We  have  de- 
termined the  follo^^^no:  faces  : — 

e=(a:2b:c),       P2, 
e=(a:lh:c),       ip^. 
■y}r=(  xa  :  6b  :  c),  ^F  3c, 
7=(  ^"  :  U>  -  c),  fPac, 
/c  =  (  oca  :  2/*  :  c),  t^P  cc, 
^  =(  oca  :  |6  :  c),  §P  oc, 
m-={<:i  :  6  :  -xc),      ccP, 
a  ={a  :  ccb  :  oo  c)  gc  p  3c, 
i  =  (  oca  :  6  :  00c),  oo  P  oc, 
c  =  (  oca  :  ccb  :  c),  OP. 

The  faces  denoted  by  Latin  letters  are  already  known  on 
the  enstatite  from  Breitenbach  and  on  the  hypersthenes  from 
Laach  and  Capucin.  The  faces  denoted  by  Crreek  letters  are 
new.  The  fig.  4  represents  the  crystal  in  question  with  all 
deformities.  The  followinfj  anijles  were  measured  with  the 
contact-goniometer!  It  will  be  seen  that  they  compare  satis- 
factorily with  the  values  calculated  from  the  elements  of  the 
Breitenbach  enstatite. 

Measured. 

O  / 

m'  (upon  b)  =88     0 


m 

:  m 

k 

:b 

9 

:b 

1 

:b 

<r 

:b 

e 

:  k 

e 

:  b 

e 

:  b 

e 

:  a 

e 

:  7 

e 

:^ 

e 

:k 

=  105 

50 

=  111 

0 

=  99 

30 

=  95 

30 

=  150 

30 

=  122 

30 

=  105 

0 

=  119 

30 

=  151 

45 

=  150 

0 

=  152 

0 

Calculated. 

0 
88 

16 

105 

56 

110 

50^ 

99 

16 

95 

26 

147 

31 

123 

16 

103 

49 

119 

31 

149 

49 

148 

51 

150 

29f 

Only  two  of  these  measurements  (e  :  k  and  e  :  7)  show  a 
considerable  divergence  from  the  calculated  angles.  It  is  to 
be  explained  by  the  difficulty  and  uncertainty  involved  in 
measuring    faces    perturbated    by  oscillation    and    vaulting. 
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Also  it  is  to  be  noticed  that  the  crystal  was  measured  at  Chris- 
tiania,  and  that  the  faces  denoted  by  Greek  letters  were  deter- 
mined at  Bonn.  Having  in  view  the  imperfections  of  the  faces, 
it  would  not  have  been  possible  to  obtain  measurements  more 
nearly  approaching  to  the  calculated  angles. 

Fig.  5  represents  a  crystal  of  the  Museum  of  Bonn  :  5  is  a 
portrait  of  the  crystal  ;  5  a  and  5  h  are  more  ideal  representa- 
tions.    We  have  the  following  combination  : — 

T=(fa    :f6:c),  §P, 
k=(ooa:  2b  :  c),  ^P  cc, 


^=(Gca:  |&: 

c), 

fi*^, 

i^  =  (  cxa  :  66  : 

e), 

i^^, 

m  =  {a  :b  :  ccc) 

? 

ooP, 

b  =C  ooa  :b  :  ccc), 

OoP  OD. 

Measured. 

Calculated, 

o 

o       / 

m 

:  m'=   88 

88  16 

k 

:b   =106     , 

105  56 

9 

:b   =110  30 

110  501 

^ 

:  k  =169 

169  30 

T 

:q   = 

159  51f 

T 

:m=120 

118  40 

We  remark  already  a  certain  asymmetry  in  this  crystal,  as 

Tements:- 

Calculated. 


is  to  be  seen  in  the  following  measurements:  — 


k  :  m  =101  5\      f  lAio  V 
X;:«/=    99  24  •"  ^  ^^^     ^ 


\7*\ 
J4tj 


The  pyramid  r,  not  yet  observed  in  enstatite  and  hj'^ier- 
sthene,  has  been  determined  by  the  horizontal  edges  formed 
with  the  prism  m  as  well  as  through  the  parallelism  of  the 
edges  T  :  q  :  'Z.  The  dimensions  of  that  crystal  are — altitude 
7  centims.,  breadth  8  centims.,  thickness  9  centims.  The 
crystal  is  broken  parallel  to  two  prismatic  faces. 

Fig.  6  is  very  much  like  the  preceding  : 

Measured.  Calculated. 


m :  m'=  88 

O            1 

t:  m  =118 

118  40 

t:«   =109f 

110     81 

*  Mean  of  ten  measurements  between  101|°  and  102°. 
t  Mean  of  ten  measm-ements  between  99^°  and  99^°. 
Phil.  Mag.  S.  5.  Vol.  2.  No.  12.  Nov.  1876.  2  C 
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Here  also  the  face  k  is  a  little  dislocated  :  " 

k  :  m  =  103     6  101   1 

k  :  m'=   99  45  — 

It  is  possible,  even  easy,  to  reduce  the  above-mentioned 
crystals  to  the  fonn  of  enstatito,  as  the  poi-turhations  which 
produce  a  uionocliuic  appearance  are  only  1  or  a  lew  degrees. 
On  other  crystals  it  is  inn)ossil)le  without  inakino;  too  arbitrary 
assumptions,  because  the  ditferences  between  the  homologous 
edges  are  as  great  as  7  degrees,  even  more  in  some  cases. 
The  two  large  crystals  of  the  Bonn  Museum  have  such  a  habit. 
One  of  them  (see  tig.  7)  allows  pretty  exact  measurements, 
If  we  had  had  only  this  single  one,  we  should  not  have  dared 
to  assign  it  to  the  rhombic  system  of  enstatite  ;  and  yet  even 
here  no  doubt  remains  that  the  irregularity  is  due  to  perturba- 
tions only.  We  acquire  this  conviction,  as  well  by  comparison 
with  the  more  regular  specimens  as  by  an  exact  study  of  the 
perturbed  crystal  itself  if  we  try  to  reduce  it  to  the  monoclinic 
system.  We  get  in  this  case  no  simple  symbols,  and  we  are 
obliged  to  take  different  axial  elements  for  nearly  every  cr^'stal. 
The  best-formed  specimen  of  the  Bonn  collection  gave  the  fol- 
lowing angles  (fig.  7)  : — 

-m:  to' (over  6)  =  89°  40', 

m::)^  =  109°, 

m':  x  =  102°. 

If  we  regard  m  as  prism  ccP,  ^  as  klinodome  (P  oc),  we 
obtain  the  following  elements  : — 

a  :  6  :  r=0-99798  :  1:0-41387; 

obliquity  of  axis  (/3)  =  94°57'. 

For  the  face  a  we  cannot  get  any  more  simple  symbols  than 
(|a':6:|.),tP|. 

Supposing  this  formula,  we  find — 

Calculated.  Measured. 

m':  o-  =  12l  bh  121° 

X  :  o-  =  152     0  152 

Comparison  with  the  other  crystals  of  pseudomonoclinic 
habit  leaves  no  doubt  that  the  face  %  is  identical  with  the  bra- 
chvdome  q=s^V  oo  of  the  normal  crystals,  and  that  the  differ- 
ence of  the  angles  x  :  wi'=  102°,  %  :  »t=  109°  is  to  be  explained 
by  the  dislocation  of  all  the  faces  forming  the  summit.  The 
angle  q  :  /?i  =  104°  20|'  (calculated  on  the  sup})Osition  of  the 
rhombic  elements  of  the  Breitenbach  enstatite)  corresponds  to 
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both  angles.  The  real  symbol  is  also  to  be  found  for  the  dis- 
turbed face  a ;  reduced  to  the  system  of  the  enstatite,  it  has 
the  symbol  (a:  ^h  :  c),  P§.  For  the  inclination  of  this  face 
we  have 

m'  :  o-  =  124°  W  ;  x  ■  cr  =  151°  11^ 

We  must  compare  these  angles  with  the  above  in  order  to  re- 
cognize the  degree  of  perturbation.  There  are  yet  several 
other  faces  on  the  enstatite  crystals  from  Kjorrestad,  the 
symbols  of  which,  in  consequence  of  their  imperfections,  cannot 
be  definitely  determined.  Such  faces  are  not  indicated  by  a 
letter  in  our  figure.  This  richness  of  faces  recalls  to  mind  the 
meteoric  enstatite  of  the  Breitenbach  iron,  which  were  deter- 
mined by  von  Lang's  saoacitv.  The  cause  of  the  remarkable 
monoclinic  formation  of  the  Tsorwegian  enstatite  is  quite 
hidden.  The  first  thought  may  be  that  it  is  the  result  of  pres- 
sure. But  that  explanation  must  be  surrendered  if  we  ob- 
serve that  the  monoclinic  dislocation  is  only  to  be  seen  in  the 
faces  of  the  summit,  and  never  in  the  vertical  faces.  So  this 
anomaly  seems  to  have  its  origin  in  crystallonomic  causes. 
The  exhausted  apatite-mine  of  Kjorrestad  is  hitherto  the  only 
known  locality  of  these  enstatite  giants.  No  doubt  implanted 
enstatite  crystals  will  be  found  in  other  plutonic  localities. 
If  we  shall  there  be  able  to  observe  the  crystals  not  merely 
among  the  materials  thrown  away,  but  also  in  their  natural 
position  in  situ,  we  may  possibly  find  a  solution  for  the  dislo- 
cation of  the  terminating  faces,  which  is  at  present  an  enigma. 
Bonn,  October  4,  1876. 


XLYII.   The  Spectra  of  Indium.     By  Aethur  W.  Clayden, 
B.A.,  and  Charles  T.  Hjeycock*. 

SOME  time  ago,  while  working  at  a  course  of  lectures  on 
spectrum-analysis,  given  by  the  Professor  of  Chemistry, 
we  noticed  that  the  spectrum  of  indium,  as  obtained  by  pass- 
ing the  spark  from  an  induction-coil  between  points  of  the 
metal,  differed  from  that  given  in  the  various  books  on  the 
subject.    Instead  of  the  three  lines  expected,  we  found  sixteen. 

During  the  past  summer  we  have  investigated  the  matter, 
with  the  following  results. 

When  the  spark  is  used  to  decompose  and  volatilize  the 
chloride  of  the  metal,  the  spectrum  ordinarily  given  in  the 
books,  namely  two  lines  m  the  indigo  and  one  in  the  violet,  is 
seen.  Thalen  oives  the  foUowino-  measurements  for  these — 
4532,  4509,  and  4101;  but  we  are  inclined  to  think  4510  is 
nearer  the  truth  than  4509. 


Commiinicated  by  the  Authors. 
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Oh  jiassintr  the  spark  between  the  metallic  points  another 
speetruin  is  seen,  consisting  of  sixteen  lines  spread  over  the 
ran<re  of  the  luminous  field:  the  two  more-rcfran^rihle  of  the 
lines  shown  l)v  the  chloride  appear  in  company  with  fourteen 
of  lower  refranoibility,  while  the  line  for  which  4532  is  given 
is  entirely  absent.  The  highest  line  of  all  (4101)  also  suffers 
a  diminution  of  intensify^. 

On  measuring  the  new  lines  we  find  the  following  numbers, 
giving  in  the  first  colunm  the  readings  on  our  own  scale,  and 
in  the  second  approximately  those  on  the  scale  in  Dr.  Watts's 
'  Index  of  Spectra.'  The  wave-lengths  are,  of  course,  given  in 
tenth-metres  ;  and  in  the  column  headed  Character  we  have 
followed  the  notation  of  Huggins,  so  that  n  =  nebulous, 
sn  =  slightly  nebulous,  and  s  =  sharply  defined. 


Scale. 

Scale 
(Watts). 

Wave- 
length. 

Intensity. 

Character. 

010 

28-5 

6906 

6 

s 

7-55 

423 

6193 

10 

s 

8-65 

443 

6114 

2 

n 

890 

44-7 

6095 

8 

sn 

11-45 

49-3 

5922 

4 

n 

11-70 

49-7 

5905 

4 

n 

1235 

50-9 

5862 

2 

n 

1300 

52-2 

5820 

8 

sn 

14-65 

54-8 

5722 

4 

sn 

1605 

57-3 

5644 

8 

sn 

24-40 

715 

5250 

10 

sn 

42-35 

100-7 

4680 

8 

a  nd 

43-40 

102  1 

4656 

8 

a  nd 

44-15 

103-3 

4638 

8 

band 

5005 

111-8 

4510 

10 

s 

74-70 

150-9 

4101 

8 

s 

The  first  line,  for  which  6906  is  given,  is  very  remarkable, 
potassium,  strontium,  and  antimony  being  the  only  elements 
in  the  spectra  of  which  any  one  has  observed  less  refrangible 
lines.  The  line  5250  is  one  of  the  most  conspicuous,  and  is  of 
a  bright  green  colour.  The  three  which  we  have  called  bands 
are  rather  broad  lines,  sharply  defined  towards  the  violet  and 
shading  oflf  towards  the  red.     Their  colour  is  bright  blue. 

On  experimenting  with  the  nitrate  we  obtained  a  curious 
result.  The  same  three  lines  that  are  shown  by  the  chloride 
appeared;  but  faint  indications  of  the  presence  of  at  least  some 
of  the  brighter  lines  of  the  metallic  spectrum  occasionally 
flashed  into  sight,  though  all  our  efforts  to  bring  them  out  with 
any  satisfactory  clearness  completely  fiiiled.  We  varied  the 
intensity  of  the  spark  considerably,  but  found  the  same  result 
in  every  case. 
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We  may  as  well  state  that  we  have  used  two  sets  of  metallic 
points — one  lent  to  us  by  the  Professor  of  Chemistry,  the  other 
cut  from  a  piece  of  indium  which  we  purchased  from  Messrs. 
Hopkin  and  Williams  of  Hatton  Grarden.  The  spectroscope 
we  used  is  a  powerful  instrument  with  four  prisms. 

Cavendish  Laboratory,  Cambridge. 
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March  30,  1876.— Dr.  J.  Dalton  Hooker,  C.B.,  President,  in  the 

Chair. 

T^IIE  following  papers  were  read  :— 

-*-      "An  Experiment  on  Electro-magnetic  Kotation."     By  W. 
Spottiswoode,  M.A.,  Treas.  and  V.P.E.S. 

The  phenomena  of  the  rotation  of  movable  conductors,  carrying 
currents,  about  lines  of  magnetic  force  are  well  known.  One 
form  of  experiment,  commonly  called  the  rotating  spark,  presents, 
beside  the  actual  rotation,  somt;  peculiar  features  which  do  not 
appear  to  have  been  noticed  m.  detail.  The  instrumental  arrange- 
ments consist  of  a  partially  exhausted  chamber  with  a  platinum 
point  for  one  terminal,  a  ring  for  the  other,  and  the  intervening  air 
or  other  gas  for  the  movable  conductor.  The  chamber  is  made  in 
the  form  of  a  double  cylinder,  so  that  a  magnet  inserted  through 
the  ring  may  reach  nearly  to  the  point.  The  discharge  then 
passes  between  the  point  and  the  ring,  and  revolves  about  the 
magnet  according  to  Ampere's  law. 

But  beside  the  rotation,  and  e\en  when,  through  weakening  of 
the  mag-net,  rotation  does  not  actually  take  place,  the  spark,  when 
carefully  observed,  is  seen  to  assume  a  spiral  form ;  and  the  spii'al 
is  right-handed  or  left-handed  according  to  both  the  duection  of  the 
current  and  the  magnetic  polarity.  This  effect  is  particularly 
noticeable  if  the  magnetic  pole  be  inserted  only  a  short  distance 
beyond  the  ring.  The  discharge  is  then  seen  to  spread  itself  out 
sheetwise  on  the  ring  iu  the  direction  in  which  rotation  would  take 
place.     The  edge  of  the  sheet  is  in  the  form  of  a  helix. 

The  object  of  the  following  observations  is  to  bring  out  the 
character  of  this  phenomenon  by  making  it  a  principal  instead 
of  a  secondary  feature  of  the  experiment. 

The  ai'rangemeut  here  described  consisted  in  using  the  poles 
of  an  electromagnet  as  the  termiuals  of  a  discharge  from  an  in- 
duction-coil, and  in  observing  the  effect  on  the  form  of  the  dis- 
charge caused  by  exciting  the  electromagnet.  For  this  purpose 
the  movable  poles  were  insulated  from  the  main  body  of  the  mag- 
net by  interposing  a  sheet  of  ebonite  thick  enough  to  prevent  the 
passage  of  the  discharge,  but  not  thicker,  La  order  as  Httle  as  pos- 
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sible  to  diminish  the  strength  of  the  magnetic  poles.  The  discharge 
was  then  effected  either  in  the  open  air  or  in  a  closed  chamber. 
The  latter  was  constructed  of  a  short  cylinder  of  glass,  say  3 
inches  in  length  and  2  in  diameter,  having  conical  ends  pointed 
inwards,  so  as  to  receive  the  poles  of  the  magnet.  The  chamber 
was  also  furnished  with  a  pipe  and  stopcock  for  the  purpose  of 
exhaustion. 

The  discharge  from  an  induction-coil  taken  in  air  or  other 
gas  at  atmospheric  pressure  consists,  as  is  well  knowTi,  primarily  of 
the  spark  proper  or  bright  line,  irregular  in  form  and  instantaneous 
in  duration.  But  beside  this,  when  the  primary  \\ire  is  thick 
and  the  battery-current  strong,  the  spark  is  enveloped  in  a  bright 
cloud,  or  rather  flame,  which  is  capable  of  being  thrown  on  one 
side,  although  not  entirely  detached  from  the  spark,  by  a  current 
of  air.  This,  when  examined  in  a  rovolnng  mirror,  is  found  to 
be  subsequent  in  time  to  the  spark  proper,  and  may  be  considered 
to  be  due  to  the  gas  in  the  neighbourhood  of  the  spark  becoming 
sufficiently  heated  to  conduct  part  of  the  discharge,  and  to  the 
consequent  combustion  of  any  extraneous  matter  floating  in  the 
medium.  Such  a  view  is  supported  by  the  fact  that  the  colour  of 
this  flame  depends  partly  upon  the  nature  of  the  gas  in  which  the 
discharge  takes  place,  and  parti}'  upon  that  of  any  volatilizable 
matter  which  may  be  introduced  near  the  poles. 

The  exciting  of  the  magnet  produces  upon  the  spark  proper  no 
appreciable  effect ;  but  as  soon  as  the  flame  is  submitted  to  its 
action  it  is  spread  out  into  a  sheet,  which  arranges  itself  in  a  heli- 
coid  right-handed  or  left-handed  according  to  the  direction  of  the 
current  and  of  the  magnetic  polarity  in  obedience  to  Ampere's  law. 

Effects  substantially  the  same  are  produced  whether  the  dis- 
charge be  taken  in  gas  at  atmospheric  or  at  a  less  pressure.  But 
in  the  fonner  case  the  helix  has  a  lower,  in  the  latter  a  steeper 
gradient ;  that  is  to  say,  in  the  former  case  it  presents  a  greater, 
in  the  latter  a  less  number  of  turns  for  a  given  interval  between 
the  poles. 

But  for  producing  the  best  effects,  both  of  the  rotating  spark 
and  also  of  the  spii-als,  there  is  a  limit  beyond  which  the  exhaustion 
should  not  be  carried.  At  a  pressure  low  enough  to  produce  strati- 
fication, or  even  short  of  it,  the  whole  chamber  is  tilled  with  the 
discharge,  and  all  traces  of  rotation  and  of  spirals  are  obliterated. 
The  stage  best  suited  to  the  purpose  is  that  in  which  the  dis- 
charge has  thickened  in  diameter,  and  where  the  spark  proper  has 
been  replaced  by  a  suffused  light  of  the  thickness,  say,  of  a  quill.  If 
the  negative  terminal  be  a  surface  (say  the  naked  surface  of  the 
soft  iron  pole  of  the  electromagnet)  instead  of  a  point,  the  sheet 
does  not  become  contracted  at  the  negative  end,  but  remains 
spread  out  and  cuts  the  iron  pole  in  a  line  radiating  from  the 
point. 

Various  gases  were  tried — atmospheric  air,  carbonic  acid,  ether, 
chloroform,  coal-gas,  hydrogen.  Of  these  the  first  two  succeeded 
best.     With  air  the  illumination  of  the  flame-sheet  was  rather 
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greater ;  but  with  carbonic  acid  greater  steadiness  of  position  was 
obtained.  With  both  ether  and  chloroform  occasional  flashes,  bril- 
liantly illuminated,  were  seen  ;  but  some  chemical  action  appeared 
to  take  place  miUtating  against  the  steady  development  of  the  flame- 
sheet.  With  coal-gas  there  was  an  inconvenient  deposit  of  carbon 
upon  the  sides  of  the  chamber.  With  hydrogen  the  cloud  v>-as 
not  suflicieutl_y  developed. 

The  success  which  attended  the  experiment  with  air  may  pos- 
sibly be  partly  due,  as  suggested  above,  to  the  combustion  of 
the  extraneous  matter  floating  therein ;  and  in  fact  the  brilliancy 
and  extent  of  the  sheet  may  be  increased  by  attaching  a  piece  of 
metallic  sodium  to  the  negative  terminal,  or  by  causing  a  stream  of 
any  of  the  chlorides  in  powder,  e.  g.  of  strontium,  hthium,  &c.,  to 
flow  across  the  field  of  action. 

AVhen  a  piece  of  sodium  (or  better  still  of  soda)  is  attached  to 
one  of  the  terminals,  two  effects  may  be  noticed.  When  that  ter- 
minal is  negative  the  whole  of  the  flame  is  bright  yellow,  sho\^'ing 
that  the  sodium  is  not  only  detached  but  even  carried  across  the 
field  and  deposited  on  the  positive  terminal.  When,  however,  the 
terminal  to  which  the  sodium  is  attached  is  positive,  it  is  found  that 
the  flame,  when  observed  through  a  red  glass,  appears  yellow  to  a 
certain  distance  from  that  terminal,  but  red  beyond,  and  also  that 
the  pitch  of  the  helix  is  less  near  the  positive  than  near  the  nega- 
tive terminal.  These  effects  may  be  attributed  to  the  presence  of 
metallic  vapour  evolved  by  the  heat  at  the  positive  terminal,  but 
not  carried  across  the  field  as  when  the  terminal  in  question  is 
negative. 

The  following  explanation  of  the  phenomenon  is  due  to  Prof. 
Stokes,  from  whose  correspondence  it  is  substantially  taken.  The 
mathematical  solution,  although  only  roughly  approximate,  is  per- 
haps still  quite  sufficient  to  give  the  general  character  of  the  ex- 
pei'imental  results. 

The  magnetic  field  -will  be  supposed  uniform,  and  the  lines  of 
force  parallel  straight  lines  from  pole  to  pole.  The  path  of  the 
current  when  undisturbed  is  also  a  straight  line  from  pole  to  pole. 
In  such  a  condition  of  things,  every  thing  being  symmetrical,  no 
rotation  would  take  place.  But  if  through  any  local  circum- 
stance, as  in  the  experiment  in  air,  or  through  heating  of  the 
chamber  as  in  the  exhausted  tube,  or  otherwise,  the  path  of  the 
current  be  distorted  and  displaced,  then  each  element  will  be  subject 
to  the  action  of  two  forces.  To  estimate  these,  let  ds  be  an  ele- 
ment of  the  path,  with  rectangular  components  dw,  dg,  dz,  C 
the  strength  of  the  current,  and  E  the  magnetic  force  with  com- 
ponents X,T,  Z,  which  in  the  first  instance  will  be  treated  gene- 
rally. Then  one  force  will  be  that  tending  to  impel  the  current 
in  the  direction  of  the  axes  respectively,  and  may  be  expressed  by 

C(Tc7--Zc7^)  :  ds,    C(Zdx-Xdz)  :ds,    C(Xdg-Yd.v)  :  ds. 
Besides  this,  there  will  be  the  tendency  of  the  current  to  follow 
the  shortest  path  so  as  to  diuuuish  the  resistance.     Eepresenting 
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this  as  a  tension  r,  the  components  at  one  end  of  ds  will  be 

—  rd.i' :  ds,  — rdy  :  ds,  —rdz  :  ds, 
and  those  at  the  other 

(rt/.r  :  ds)  -\-  d(rd.v  :  ds)   .   .   .  , 
the  algebraical  sums  of  which  are 

d{TA'd :  ds),  d(Tdi/  :  ds),  d(Tdz  :  ds)  ; 
and  the  equations  of  equilibrium  then  become 

C(Ydz-Zd>/) +d{Td.v:ds)=0,  ., (1) 

C(Zd^^ -Xdz)+d(Td,f:ds)=0, (2) 

C(Xdy-Yd.v)  +  d(Td'z:ds)=0; (3) 

taldng  s  as  the  independent  variable  and  multipl^dng  by  d.v :  ds,  dy :  ds, 
dz:ds  respectively,  and  adding,  we  obtain  dr=:0,  or  r  =  constant, 
^gain,  multipMng  by  X,  Y,  Z  and  adding  we  obtain 

Xd\v:ds-  +  Ydy:ds-  +  Zd-z:ds-'=0,  ....  (4) 
which  expresses  that  the  absolute  normal  (or  normal  in  the  oscu- 
lating plane)  is  perpendicular  to  the  resultant  magnetic  force. 

in  the  case  of  a  uniform  tint,  X,  Y,  Z  will  be  constant.  In- 
tegrating (4)  and  putting  i  for  the  angle  between  the  tangent 
and  the  lines  of  magnetic  force,  we  find 

Xc?a7 + Ydy  +  Zdz=. 'Rds  cos  i, 
so  that  the  tangent  line  is  inclined  at  a  constant  angle  to  the  line 
joining  the  poles. 

Again,  the  following  combinations,  (2)  dz  —  (3)di/  =  0,  (3)  dx—  (1) 
dz=i),  (!)(/(/— (2)(7.r=0  give 

CdcciXdcc+.  .)-CXc7s-^+r(^^:'  -  'll^)ds'=0,&c., 
\(s  ds-         dsds-' 

or 

C(Ecos  if?a'-Xf&)  +  r('^^  -  'hi 'I:\ds =0,  &c. 
\ds  ds^       ds  ds  ' 

Transposing,  squaring,  and  adding,  and  putting  p  for  the  radius  of 
curvature,  we  obtain 

C"E"  sin"  i  =  r^ :  p^,  or  p=r  :  CE  sin  i, 
which  is  constant.     The  curve  is  therefore  a  helix.      Also  the 
radius  of  curvature  of  the  projection  of  the  cm*ve  on  a  plane  per- 
pendicular to  the  axis  will  be  /j  sin'  i,  viz.  =  r  sini :  CE. 

"The  value  of  r  depends  doubtless  on  the  natiu-e  and  pressure 
of  the  gas,  and  perhaps  also  on  the  current ;  but  it  must  be  the 
same  for  equal  values  of  C  of  opposite  signs.  Hence  the  handed- 
ness of  the  helix  will  be  reversed  by  reversing  either  the  current 
or  the  magnetic  polarity.  If  the  left-hand  magnetic  pole  be  north 
(?'.  e.  austral,  or  north-pointing),  and  the  left-hand  terminal  positive, 
the  helix  will  be  right-handed." 

The  general  nature  of  the  phenomenon  may  therefore  now  be 
described  as  follows : — "  Pirst  we  have  the  bright  spark  of  no 
sensible  duration  which  strikes  nearly  in  a  straight  line  between 
the  terminals.     This  opens  a  path  for  a  continuous  discharge,  Avhich 
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being  nearly  in  a  condition  of  equilibrium,  though  an  unstable 
one,  remains  a  short  time  without  much  change  of  place.  Then 
it  moves  rapidly  to  its  position  of  equihbrium,  the  surface  which 
is  its  locus  forming  the  sheet.  Then  it  remains  in  its  position  of 
equilibrium  during  the  greater  part  of  the  discharge,  approaching 
the  axis  again  as  the  discharge  falls,  so  that  its  equilibx'ium  position 
is  not  so  far  from  the  axis.  Thus  we  see  tn'o  bright  curves  cor- 
responding to  the  two  positions  of  approximate  rest  united  by 
a  less  bright  sheet,  the  first  curve  being  nearly  a  straight  line, 
and  the  second  nearly  a  helix  traced  on  a  cyhuder  of  which  the 
former  line  is  a  generating  line. 

"  It  was  noticed  that  the  sheet  projected  a  little  beyond  the 
helix.  This  may  be  explained  by  considering  that  at  first  the  dis- 
charge is  more  powerful  than  can  be  maintained,  so  that  the  curve 
reaches  a  little  beyond  the  distance  that  can  be  maintained." 

The  appearance  of  the  discharge  when  viewed  in  a  revolving 
mirror  (except  the  projection  beyond  the  sheet,  the  illumination 
of  which  was  too  feeble  to  be  observed)  confirmed  the  above 
remarks. 

"  On  the  !Movement  of  the  Glass  Case  of  a  Eadiometer."  By 
William  Crookes,  F.E.S.  &c. 

During  the  discussion  which  followed  the  reading  of  Prof. 
Eeynolds's  and  Dr.  Schuster's  papers  at  the  last  meeting  of  the 
Eoyal  Society  I  mentioned  an  experiment  bearing  on  the  observa- 
tions of  Dr.  Schuster.  I  have  since  tried  this  in  a  modified  form ; 
and  as  the  results  are  very  decided  and  appear  calculated  to  throw 
light  on  many  disputed  points  in  the  theory  of  these  obscure 
actions,  I  venture  to  bring  a  description  of  the  experiment,  and  to 
show  the  apparatus  at  work,  before  the  Society. 

I  made  use  of  a  radiometer  described  in  a  paper  communicated 
to  the  Society  in  January  last.  I  quote  the  description  from 
paragraph  18-4.  "  A  large  radiometer  in  a  4-inch  bulb  was  made 
with  ten  arms,  eight  of  them  being  of  brass  and  the  other  two 
being  a  long  watch-spring  magnet.  The  disks  were  of  pith, 
blackened  on  one  side.  The  power  of  the  earth  on  the  magnet  is 
too  great  to  allow  the  arms  to  be  set  in  rotation  unless  a  candle  is 
brought  near;  but  once  started  it  -n-ill  continue  to  revolve  with 
the  light  some  distance  off." 

This  radiometer  was  floated  in  a  A-essel  of  water ;  and  four 
candles  were  placed  round  it  so  as  to  set  the  arms  in  rotation. 
A  mark  was  put  on  the  glass  envelope  so  as  to  enable  a  sbght 
movement  of  rotation  to  be  seen.  The  envelope  turued  very 
slowly  a  few  degrees  in  one  dii-ection,  then  stopped  and  turned 
a  few  degi-ees  the  opposite  way;  finally  it  took  up  a  uniform 
but  excessively  slow  movement  in  the  direction  of  the  arms,  but 
so  slow  that  more  than  an  hour  would  be  occupied  in  one  revolu- 
tion. 

A  powerful  magnet  was  now  brought  near  the  moAing  arms. 
They  immediately  stopped,  and  at  the  same  time  the  glass  envelope 
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couimeuced  to  revolve  in  the  opposite  direction  to  that  iu  wlnt-h 
the  arms  liad  been  revolving.  The  movement  kept  up  as  long  as 
the  candles  were  burning,  and  the  speed  was  one  revolution  iu  two 
minutes. 

The  magnet  was  removed,  the  arms  obeyed  the  force  of  raduition 
from  the  candles  and  revolved  rai)idly,  whilst  the  glass  envelope 
quickly  came  to  rest  and  then  rotated  very  slowly  the  same  way  as 
the  arms  A\ent. 

The  candles  were  blown  out;  and  as  soon  as  the  whole  instru- 
ment had  come  to  rest  a  bar-magnet  was  moved  alternately  from 
one  side  to  the  other  of  the  radiometer,  so  as  to  cause  the  vanes 
to  rotate  as  if  they  had  been  under  the  influence  of  a  candle. 
The  glass  envelope  moved  with  some  rapidity  (about  one  revolution 
in  three  minutes)  in  the  direction  the  arms  were  moving.  On 
reversing  the  direction  of  movement  of  the  arms  the  glass  envelope 
changed  du'ectiou  also. 

These  experiments  show  that  the  internal  friction,  either  of  the 
steel  point  on  the  glass  socket,  of  the  vanes  agamst  the  residual 
air,  or  of  both  these  causes  combined,  is  considerable.  Moving  the 
A'anes  round  by  the  exterior  magnet  carries  the  whole  envelope 
round  in  opposition  to  the  friction  of  the  water  against  the  glass. 

As  there  is  much  discussion  at  present  respecting  the  cause  of 
these  movements,  and  as  some  misunderstanding  seems  to  pre- 
vail as  to  my  own  views  on  the  theory  of  the  repulsion  resulting 
from  radiation,  1  wish  to  take  this  opportunity  of  removing  the 
impression  that  I  hold  opinions  which  are  iu  antagonism  to  some 
strongly  urged  explanations  of  thes?  actions.  I  have  on  five  or  six 
occasions  specially  stated  that  I  wish  to  keep  free  from  theories. 
During  my  four  years'  work  on  this  subject  1  have  accumulated  a 
large  fund  of  experimental  observations ;  and  these  often  enable 
me  to  see  difficulties  which  could  not  be  expected  to  occur  to  an 
investigator  who  has  had  but  a  limited  experience  \\it\x  the  work- 
ing of  one  or  two  instruments. 


GEOLOGICAL  SOCIETY. 
[Continued  from  p.  310.] 

June  21,  1876.— Prof.  P.  Martin  Duncan,  M.B.,  F.R.S.,  President, 
in  the  Chair. 

The  following  communications  were  read : — 

3.  "  Recent  Glacial  and  Aqueous  Action  in  Canada  and  the 
Drift-U-plands  of  the  Province  of  Ontario."  By  the  Kev.  Wm.  Blcas- 
dell.     Communicated  by  the  President. 

The  author  stated  that  an  enormous  amount  of  glacial  action 
takes  place  every  winter  in  Canada,  especially  on  the  river  St.  Law- 
rence and  its  large  lakes.  "Anchor  ice  "  and  "  pack  ice ''  are  drifted 
down  the  stream,  abrading  and  carrying  oil'  piece-meal  the  various 
small  islands  studded  along  its  course.  A  '*  shove,"  as  it  is  termed, 
often  takes  place  on  the  breaking  up  of  the  ice ;  the  broken  blocks 
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of  ice  are  piled  up  and  jammed  together,  damming  up  the  river ; 
and  destructive  floods  ensue  when  the  icy  barrier  gives  way.  Several 
examples  of  these  phenomena  which  came  under  his  notice  are  re- 
corded by  the  author. 

At  Presqu'isle  Point,  Lake  Ontario,  "  banks  "  of  ice  are  formed  by 
the  dashing  up  of  the  water.  These  banks  exercise  an  abrading 
influence  on  the  shore.  In  the  ■v\dnter  of  1874-75  these  ice  "banks  " 
were  greater  than  ever  known  previoush^  extending  300  feet  out 
into  the  lake,  whilst  some  of  the  "  hummocks  "  of  ice  were  20  feet 
high.  Some  sixteen  years  ago  a  portion  of  the  shore  40  feet  wide 
was  laid  bare  iu  one  winter.  The  rocks  thus  exposed  were  finely 
polished,  grooved,  and  scratched.  These  marks  have  now  been 
obUterated  by  the  very  agent  that  formerly  produced  them.  The 
author  also  gives  several  instances  of  the  formation  and  cutting 
through  of  sandbanks  and  headlands.  The  cutting  back  of  the 
coast-line  of  the  lake  is  proceeding  at  the  rate  of  from  30  to  40  feet 
iu  twenty  years. 

Fringing  the  basin  of  Lake  Ontario  are  terraced  highlands  of 
loose  gravel,  with  here  and  there  apparent  stratification  of  a  partial 
character,  called  Artemisia-gravel  by  the  Canadian  Survey.  A 
peculiar  feature  of  these  gravel  ridges  is  the  presence  in  them  of 
numerous  small  lakes.  The  author  records  the  bursting  of  the 
natural  dam  of  one  of  these  lakes,  and  mentions  the  occurrence  of  a 
peculiar  hollow,  probably  the  basin  of  a  lake  that  burst  in  a  similar 
way  in  former  times. 

Freshwater-shell  deposits  occur  here  and  there ;  further  down  the 
river  a  brackish-water  shell  is  found  in  them  ;  and  they  are  replaced 
lower  down  by  marine  deposits.  The  author  quotes  various  opinions 
relative  to  the  formation  of  these  terraces  and  shell-deposits  by  sup- 
posing the  former  existence  of  a  barrier  of  ice  or  rock  lower  down 
the  river,  and  concludes  that  by  these  phenomena  noteworthy  altera- 
tions are  year  by  year  being  made  on  the  surface  of  the  laud. 

4.  "  The  Glacial  Climate  and  the  Polar  Ice-cap."  By  Joseph 
John  !Murphy,  Esq.,  F.G.S. 

The  author  agrees  with  Mr.  CroU  in  thinking  that  a  glacial  epoch 
must  be  one  of  maximum  eccentricity  of  the  earth's  orbit,  and 
that  the  northern  and  southern  hemispheres  during  such  an  epoch 
must  be  glaciated  alternately  ;  but  he  maintains,  in  opposition  to  that 
writer,  that  the  glaciated  hemisphere  must  have  its  sunniie)' in  aphe- 
lion. He  intends  this  paper  to  be  a  reply  to  Air.  Croll's  objections  to 
this  theory  as  put  forth  in  his  work  on  Climate  and  Time.  The 
author  holds  that  some  of  Air.  CroU's  conclusions  are  erroneous,  and 
concludes  with  some  remarks  on  Mr.  Tylors  paper  read  before  the 
Society  in  April  1875. 

12.  "  On  the  Mechanism  of  Production  of  Volcanic  Dykes,  and  on 
those  of  Monte  Somma."     By  B.  Mallet,  Esq.,  F.B.S.,  F.G.S. 

The  author  stated  that  in  18G4  he  made  a  careful  trigonometrical 
survey  of  the  escarpment  of  Alonte  Somma,  especially  with  reference 
to  the  numerous  dykes  by  which  the  rocks  composing  it  are  inter- 
sected.    He  described  in  detail  the  phenomena  of  direction  of  the 
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dykes,  especially  as  regards  the  axis  of  the  cone  of  Vesuvius  ;  to  this 
direction  ho  gives  the  uame  of  orientation.    Of  twenty-seveu  dj  kes  ten 
presented  an  approximately  vertical  line,  whilst  all  the  rest  had  a 
sensible  dip  or  "•  liade.''     The  dykes  are  in  no  cases  intersected  by 
coherent  beds  of  lava ;  but  in  one  instance  the  top   of  a  dyke  was 
stopped  by  such  a  bed.  Many  of  the  dykes  bifurcated  or  branched ;  and 
iretiuently  two  dykes  intersected  each  other  at  considerable  angles. 
These  and  other  circumstances  prove  that  the  dykes  were  produced 
at  different  and  successive  ages.     Many  of  them  were  fi-actui'ed  and 
displaced  in  consequence  of  movements  of  the  mass  of  rock  traversed 
by  them  ;  and  these  dislocations  are  regarded  by  the  author  as  indi- 
cating the  vast  extent   and  force  of  the  internal  movements,  due 
principally  to  granty,  which  are  constantly  taking  place  in  the  mass 
of  volcanic  cones.     These  movements  greatly  intluence  the  position 
of  the  dykes,  and  render  it  difficult  to  ascertain  that  which  they  ori- 
ginally occupied.     The  dykes  thin  out  at  various  heights  ;  and  their 
superior  and   northern  terminations  were   found  not  to  reach  the 
existing  surface,  notwithstanding  the  amount  of  denudation  that  has 
taken  place ;   hence  the  author  concludes  that  they  never  reached 
the  surface  of  Somma  when  it  was  the  wall  of  an  active  volcano. 
The  author  further  indicated  a  process  by  which  beds  or  plates  of 
lava  descending  the  slopes  of  a  volcano  may  change  their  direction, 
and,  becoming  imbedded  in  the  detritus  accompanj'ing  or  following 
them,  may,  to  a  greater  or  less  extent,  simulate  dykes,  although  in 
this  case  the  two  sides  of  the  plate  will  present  the  difterences  always 
seen  in  the  upper  and  under  surfaces  of  a  bed  of  lava.     The  orien- 
tation-lines  of  five  or  six  of  the  observed  dykes  were  said  to  pass 
approximately  through  the  axis  of  the  cone  of  Vesuvius  ;  but  all  the 
rest  presented  great  diversities,  and  some,  when  prolonged,  woidd  not 
touch  the  cone  at  all.     In  making  a  lithological  examination  of  the 
dvkes  of  Somma,  the  author  directed  paiticular  attention  to  the  pot^i- 
tion  of  the  elongated  air-bubbles  found  in  the  material  of  each  dyke, 
considering  that  the  direction  of  the  longest  axis  of  these  bubbles 
would  indicate  the  flow  of  the  material  when  in  fusion.     He  stated 
that  on  the  whole  the  long  axes  of  the  bubbles  are  nearly  horizontal 
or  pointing  at  moderate  angles  upwards,  in  directions  very  nearly 
parallel  to  the  plane  of  the  dykes  at  the  place  where  they  occur. 
Hence   he   infen-ed   that    the  dykes   were   filled  by  injection   not 
from  below,  but  nearly  horizontally.    The  author  further  refeiTed  to 
the  mineralogical  characters  of  the  materiids  of  the  dykes,  and  stated 
that  they  are  not  all  composed  of  leucitic  lava ;  he  also  mentioned 
the  occurrence  of  cross  columnar  structure  in  some  of  the  larger  ones. 
After  referring  to  the  diflcrences  observable  in  the  physical  condition 
of  the  two  surfaces  of  some  dykes,  the  author  proceeded  to  consider 
the  mode  of  origin  of  the  fissures  which,  when  tilled,  constitute  vol- 
canic dj-kcs.     He  nuiintaiucd  that  the  production  of  a  fissure  and  its 
filHug  with  molten  matter  must  have  been  simultaneous  and  due  to 
the    same    cause,    namely   the   hydrostatic  pressure   of  the  litpiid 
lava  more  or  less  filling  the  crater,  the  pressure  originating  the  fis- 
sure, into  which  the  pressing  liquid  at  the  same  time  entered.     A 
fissure  thus  produced  and  filled  will  always  be  widest  near  the  crater ; 
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so  that  if  the  material  of  the  cone  "»vere  perfectly  uniform,  the  dykes 
produced  would  be  wedge-shaped.  But,  from  the  absence  of  this 
uniformity  and  other  causes,  fissures  commenced  at  the  interior  and 
propagated  into  the  mass  of  volcanic  cones  can  rarely  be  uniformly 
distributed  round  the  crater  or  produced  in  regular  vertical  planes 
in  a  truly  radial  direction.  Hence  the  author  concluded  that  it  is 
unsafe  to  attempt  to  fix  the  position  of  an  ancient  crater  by  means 
of  the  intersection  or  concurrence  of  the  lines  of  apparent  orientation 
of  dykes  alone.  The  author  stated  that  the  intrusion  of  volcanic 
dykes  cannot  so  greatly  influence  the  slope  of  volcanic  mountains 
as  has  been  supposed. 

XLIX.  Intelligence  and  Miscellaneous  Articles. 

ox  THE  EEACTIOXS  OF  aiETALLIC  THALLIUM  BEFOKE  THE  BLOW- 
PIPE. BY  E.  J.  CHAPJIAX,  PH.D.,  PROFESSOR  IX  UXIVERSITY 
COLLEGE,  TOROXTO*. 

'T'HE  following  reactions  are  given  from  direct  experiments  by 
the  writer  t. 

In  the  closed  tube  thallium  melts  easily,  and  a  brownish-red 
vitreous  slag,  which  becomes  pale  yellow  on  cooling,  forms  around 
the  fused  globule. 

In  the  open  tube  fusion  also  takes  place  on  the  first  application 
of  the  flame,  whilst  the  glass  becomes  strongly  attacked  by  the  for- 
mation of  a  vitreous  slag,  as  in  the  closed  tube.  Only  a  small 
amount  of  sublimate  is  produced.  This  is  of  a  grepsh  white  colour ; 
but  under  the  magnif}Tng-glass  it  shows  in  places  a  faint  iridescence. 

On  charcoal,  per  se,  thallium  melts  very  easUy,  and  volatilizes  in 
dense  fumes  of  a  white  colour  streaked  with  brown,  whilst  it  im- 
parts at  the  same  time  a  vivid  emerald-green  coloration  to  the 
point  and  edge  of  the  flame.  If  the  heat  be  discontinued,  the 
fused  globule  continues  to  give  off  copious  fumes ;  but  this  action 
ceases  at  once  if  the  globule  be  removed  from  the  charcoal.  A  de- 
posit, partly  white  and  panly  dark  brown,  of  oxide  and  teroxide  is 
formed  on  the  support ;  but,  compared  with  the  copious  fumes 
evolved  from  the  metal,  this  deposit  is  by  no  means  abundant,  as 
it  volatilizes  at  once  where  it  comes  into  contact  with  the  glowing 

*  Commimicated  by  the  Author. 

t  The  reactions  given  by  Crookes  are  as  follows  : — "The  metal  melts 
instantly  on  charcoal  and  evolves  copious  brown  fumes.  If  the  bead  is 
heated  to  redness  it  glows  for  some  time  after  the  som-ce  of  heat  is  removed, 
continually  evohing  vapours  which  appear  to  be  a  mixtiu-e  of  metal  and 
oxide.  A  reddish  amorphous  sublimate  of  protoperoxide  sm-rounds  the 
fused  globide.  "When  thallium  is  heated  in  an  open  glass  tube  it  melts 
and  becomes  rapidly  converted  into  the  more  fusible  protoxide,  which 
strongly  attacks  the  glass.  This  oxide  is  of  a  dai-k  red  colour  when  hot, 
solidifying  to  a  brown  crystalline  mass.  The  fused  oxide  attacks  glass 
and  porcelain,  removing  the  silica.  Anhydi-ous  peroxide  of  thaUhim  is  a 
brown  powder,  fusing  with  difficultv  and  evolving  oxygen  at  a  red  heat, 
becoming  reduced  to  the  protoxide.  The  phosphate"  and  sulphate  will 
stand  a  red  heat  without  change." 
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eliarcoal.  It"  toiu-lu'cl  by  either  flame,  it  is  dissipated  immediately, 
impartiiiiJ;  a  brilliant  gi-een  colour  to  the  name-border.  The 
brow  11  deposit  is  not  readily  seen  on  charcoal :  but  if  the  metal  be 
fused  on  a  cupel,  or  on  a  piece  of  thin  porcelain  or  other  non-redu- 
cing bodv.  the  evolved  fumes  are  almost  wholly  of  a  brownish 
colour,  and  the  deposit  is  in  great  part  browni^^h  black.  It  would 
appear,  therefore,  to  consist  of  TIO^  rather  than  of  a  mixture  of 
metal  and  oxide.  On  the  cupel  thallium  is  readily  oxidized  and 
absorbed.  It  might  be  employed,  consequently,  as  suggested  by 
Crookes,  in  place  of  lead,  in  cupellation  ;  but  to  effect  the  absorp- 
tion of  copper  or  nickel,  a  comparatively  large  quantity  is  required. 
When  fused  on  porcelain,  the  surface  of  the  support  is  strongly 
attacked  by  the  formation  of  a  silicate,  which  is  deep  red  whilst 
hot  and  pale  yellow  on  cooling. 

The  teroxide,  as  stated  by  Crookes,  evolves  oxygen  when  heated, 
and  becomes  converted  into  TIO.  The  latter  compound  is  at  once 
reduced  on  charcoal,  and  the  reduced  metal  is  rapidly  volatilized 
with  brilliant  green  coloration  of  the  flame.  The  chloride  pi'oduces 
the  same  reaction,  by  which  the  green  flame  of  thallium  may  easily 
be  distinguished  from  the  green  copper-flame,  the  latter,  in  the 
case  of  cupreous  chlorides,  becoming  changed  to  azure  blue.  Vv'ith 
borax  and  phosphor-salt,  thallium  oxides  form  colourless  glasses, 
which  become  grey  and  opaque  when  exposed  for  a  short  time  to  a 
reducing-flame.  With  carbonate  of  soda  they  dissolve  to  some 
extent ;  but  on  charcoal  a  malleable  metallic  globule  is  obtained. 
The  presence  of  soda,  unless  in  great  excess,  does  not  destroy  the 
green  coloration  of  the  flame. 

Thallium  alloys  more  or  less  readily  ^nth  most  other  metals  before 
the  blowpipe.  AVith  platinum,  gold,  bismuth,  and  antimony  re- 
spectively, it  forms  a  dark  grey  brittle  globule.  With  silver,  cop- 
per, or  lead,  the  button  is  malleable.  With  tin,  thallium  unites 
readily ;  but  the  fused  mass  immediately  begins  to  oxidize,  throw- 
ing out  excrescences  of  a  dark  colour,  and  continuing  in  a  state  of 
ignition  until  the  oxidation  is  complete.  In  this  as  in  other  reac- 
tions, therefore,  the  metal  much  resembles  lead. 


ON  THE  PHYSICAL  PROPERTIES  OF  GALLIUM. 
BY  LECOQ  DE  BOISBAUDRAN. 

I  have  recently  prepared  rather  more  than  half  a  gi*amme  of  pure 
gallium.  In  the  liquid  state  this  metal  is  of  a  beautiful  silvery 
whiteness  ;  but  in  crystaUizing  it  assumes  a  very  pronounced  bluish 
tinge,  and  its  lustre  notably  diminishes. 

By  suitably  working  the  solidification  of  overraelted  gallium,  iso- 
lated crystals  are  obtained :  these  are  based  octahedra,  which  I  am 
occupied  in  measuruig. 

In  a  first  trial  (April  1876)  the  melting-point  had  been  found  to 
lie  between  29°  and  30°,  or  about  29°-5.  1  have  just  examined  six 
specimens  of  gallium  electrolyzed  succemveh/  from  one  and  the  same 
sohftion.  The  foreign  metals  supposed  to  be  present  would  be  un- 
equally distributed  among  the  different  fractions  collected. 
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Gallium  no. 


no. 
no. 
no. 
no.  5. 
no.  6. 

^rean 


Melting-point. 

+  3U-U 
+  30-16 
+  30-14 
+  30-15 
+30-16 
+  30-16 

+30-15 


.  The  specimen  no.  -1  -nas  next  placed  for  two  hours  in  boiling 
water ;  and  the  innumerable  globules  formed  were  united  by  com- 
pression. The  melting-point  had  not  varied  at  all.  The  metal  was 
therefore  certainly  free  from  potassium. 

The  six  specimens  having  been  mixed,  a  fragment  weigliing  2i 
centigrammes  was  taken  and  kept  during  half  an  horn-  in  nitric  acid 
dUuted  with  its  volume  of  water,  at  a  temperature  of  60-70°.  The 
loss  amounted  to  only  a  fraction  of  a  milligramme.  The  melting- 
point  had  remained  fixed;  for  the  metal  fused  very  sloidy  at 
+  30°-16,  and  crystalhzed  very  sloidy  at  +30*^-06. 

I  shall  shortly  have  the  honour  of  submitting  to  the  Academy 
the  new  process  which  has  served  for  preparing  this  galliiuu,  of 
"ohich  the  constant  melting-point  denotes  the  very  satisfactorv  purity. 

In  May  1876  I  essayed  to  measure  the  density  of  the  gallium, 
upon  a  specimen  weighuig  6  centigrammes ;  I  obtained  •±■7  at  15^ 
(and  relative  to  water  at  15°).  The  mean  of  the  densities  of  alu- 
minium and  indium  being  4-S  (to  5-1),  the  specific  gra^itv  provi- 
sionally found  for  gallium  appeared  to  accord  very  well  with  a 
theory  placing  this  metal  between  indium  and  aluminium.  Never- 
theless the  calculations  instituted  by  M.  Meudeleef  for  a  hypothetic 
substance  which  seems  to  correspond  to  galliiun,  at  least  as  to 
several  of  its  properties,  conducted  to  the  number  5*9. 

Gallium  crystallized  under  water  decrepitates  sometimes  when  it 
is  heated.  Perhaps  my  first  metal  contained  vacuoles  filled  with 
air  or  water.  I  do  not  know  if  this  cause  of  error  was  or  was  not 
associated  with  others  to  falsify  my  first  determination  ;  if  so,  how- 
e-\er,  I  avoided  it  afterwards  by  strongly  heating  the  metal,  and 
sohdifyiug  it  in  a  dry  atmosphere.  I  then  obtained  higher  densities 
— var\"ing,  however,  from  5-5  to  6-2,  while  the  weight  of  the  por- 
tions taken  did  not  exceed  a  few  centigrammes. 

Lastly,  I  have  just  operated  with  oS  centigrammes  of  gallium 
obtained  by  combining  the  six  specimens  above  mentioned. 
Density  at  +23^  (and  relative  to  water  at  +23°). 

1st  experiment    5-90 

2nd         „  5*97 

Mean   5-935 

The  same  gallium  was  afterwards  kept  during  half  an  hour  be- 
tween 60°  and  70°  in  nitric  acid  dduted  with  its  volume  of  water, 
washed,  pretty  strongly  heated,  and,  finally,  solidified  in  dry  air. 
Density  at  +24°-4o  (and  relative  to  water  at  +24°'45)  =5-956. 
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It  is,  I  think,  unnecessary  to  insist  on  the  extreme  importance 
which  attaches  to  the  confirmation  of  the  theoretic  views  of  M. 
Mendeleef  respecting  the  density  of  tlie  new  element. — Comptes 
Rendus  de  V Academic  des  Sciemes,  vol.  Ixxxiii.  pp.  611-G13. 


POSTSCRIPT  TO  PROFESSOR  SYLVESTER's  "  NOTE  ON  SPHERICAL 
HARMONICS." 
The  valne  of  (/)(>»,  n)  is  stated  inaccurately  in  the  long  footnote  at 
pp.  302,  303.    If  ^2.y 

il?=   ^^ : 

1.3.5  ...(2i-l) 
and  E  =  V 1  —  2'Lhh'.  t-+Eh\  Zh'\  t\ 

then  I  find  .      2i+l)=  C^^-^)^^  . 

and  accordingly  the  Bipotential  in  space  of  2i+l  dimensions  is 
To  O^idt^i-i 

X  ^^^^' 

Also  I  find  that  in  space  of  2j-f  2  dimensions  the  prospherical 
Bipotential  is 

27r'         i'o  dt^ 


€ 


1 . 2  .  3  .  . .  ij^    (1— 2SM'.  ^-h  STi-.  S7j'^  ff 

The  above  residts  may  be  extended  to  general  quadric  surfaces 
and  prosurfaces.  Thus,  ex.  gr.,  if  an  indefinitely  thin  ellipsoidal 
shell  be  contained  between  two  concentric  surfaces,  the  equation  to 
one  of  which  is  G(.i',  y,  z)  =  l,  where  G  is  a  general  quadric,  and  if 
the  squared  density  at  x,  y,  z  is  the  reciprocal  of 

G(.r— 7i,  y—T<:,  z~l) .  G(x—7i',  y—Tc',  z—V), 
then  the  mass  of  the  shell  diA"ided  by  its  volume  is 
•o  dt 


r 


^/i-Ae+Bt* 

where 

a=.(.^4,).s(;/^^)g(,.,,,=), 

and 

B  =  G(h,h,  l).G(h',h',l'). 

It  is  further  noticeable  that  if  Y  and  G  are  contrayariantive 
forms,  each  numerator  of  the  fractions  expressing  the  differential 

derivatives  of  —  is  nullified  by  the  operator 

v/  G(x,  y,  z) 


\dx     dy     dz ) 


and  conversely,  every  rational  integer  function  of  x,  y,  z  so  nulli- 
tiable  is  a  linear  function  of  such  numerators.     And  so  in  general 
"the  Theory  of  Spherical  and  Prospherical  merges  in  a  theory  of 
Conicoidal  and  Proconicoidal  Harmonics. — J.  J.  S. 
Steamship  '  Parthia/  Sept.  8, 1870. 
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L.  On  Si-  and  Unilateral  Galvanometer  Defection.  By  G. 
Chrystal,  B.A.,  Fellow  of  Corpus  Christi  College,  Cam- 
bridge*. 

I  WAS  led  to  study  the  subject  of  this  paper  during  a  series 
of  experiments  undertaken  for  the  purpose  of  dii-ectly 
testincr  Ohm's  la"^. 

The  results  arrived  at  are,  I  think,  interesting,  not  only 
in  connexion  with  galvanometry,  but  also  in  relation  to  the 
theory  of  induced  magnetism.  In  the  first  instance  I  shall 
describe  the  phenomena  as  simply  as  possible  from  the  first 
point  of  view,  and  then  consider  a  little  more  closely  some 
points  which  arise  when  the  matter  is  looked  at  from  the  second 
point  of  %-iew.  This  order  is  to  a  great  extent  that  in  which 
the  facts  came  under  my  notice  ;  and  it  has  the  additional  ad- 
vantage that  it  leads  us  incidentally  to  see  that  the  phenomena 
in  question  really  have  their  seat  solely  and  entirely  within  the 
galvanometer,  and  have  nothing  to  do  with  any  phenomenon 
of  the  nature  of  unilateral  conductivity  or  with  any  other  ex- 
ception to  Ohm's  law. 

Dr.  Schuster  has  described  f  an  experiment  in  which  a 
small  current  of  constant  direction  is  superposed  on  the  alter- 
nating currents  of  a  sine  inductor,  and  the  whole  sent  through 
a  galvanometer.  Such  an  experiment  affords  (under  certain 
suppositions)  a  test  of  Ohm's  law  ;  for  the  average  intensity 
of  the  current  in  the  direction  of  the  small  constant  current  is 
greater  than  that  in  the  opposite  direction  ;  hence,  if  the  re- 

*  Communicated  bv  the  Author, 
t  Phil.  Mag.  [IV.l  'vol.  xlviii.  p.  -340. 
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sistanco  of  tlio  circuit  depends  on  the  intensity  of  the  current, 
one  of  the  currents  Avill  prevail,  and  the  presence  of  the  alter- 
natinn;  currents  "will  affect  the  permanent  deflection  due  to  the 
small  constant  current,  whereas,  if  Ohm's  law  were  true, 
there  would  be  no  such  efitct.  Without  discussing  Dr. 
Schuster's  results  here,  we  may  remark  that  a  similar  test  of 
Ohm's  law  could  be  obtained  by  merely  passing  through  a 
galvanometer  the  currents  from  the  secondary  coil  of  an  in- 
ductorium.  It  is  Avell  known  that  if  the  primary  be  made  and 
broken  periodically,  there  will  be  an  alteraating  current  in  the 
secondarv,  which  will  have  the  same  period.  The  whole 
quantity  of  electricity  which  passes  during  a  complete  oscilla- 
tion is  zero  ;  but  the  maximum  intensities  of  the  positive  and 
negative  parts  of  the  current  are  very  different.  The  positive 
part,  starting  immediately  after  the  break,  has  a  considerable 
initial  intensity,  which  is  independent  of  the  resistance  of  the 
secondary;  the  negative  part,  stai-ting  at  the  make,  begins,  on 
the  contrary,  Avith  zero  intensity,  and  never  reaches  so  large 
a  maximum  as  the  positive*. 

It  follows  that  if  the  resistance  of  the  circuit  depends  on  the 
intensity  of  the  current,  then  the  two  parts  of  the  current  will 
not  experience  equal  resistances,  and  we  shall  get  a  galvano- 
meter indication  in  the  direction  of  that  which  has  the  advan- 
tage. Any  such  effect  would  be  much  increased  by  the  in- 
troduction into  the  secondary  circuit  of  a  resistance  composed 
of  very  fine  wire.  It  is  easy  enough  to  calculate  what  this 
resistance  should  be,  in  order  to  produce  the  greatest  effect  on 
the  galvanometer. 

Such  a  resistance  I  used  in  the  shape  of  a  flue  German- 
silver  wire  (•()02  inch  diameter)  wound  on  a  cylindrical  piece 
of  vulcanite  about  9  inches  long,  the  turns  being  insulated 
from  each  other  by  the  thread  of  a  screw  of  one  hundred  turns 
to  the  inch  cut  in  the  vulcanite.  The  Avhole  is  enclosed  in  a 
glass  tube  with  brass  caps  and  copper  tenninals.  For  this  in- 
strument I  am  indebted  to  Mr.  Garuett,  of  St.  John's,  De- 
monstrator at  the  Cavendish  Laboratory.  The  induction-coil 
used  was  of  the  ordinary  lecture-room  form  l/v  Apps  ;  the 
primary  was  made  and  broken  by  electric  tuning-forks  of 
various  pitch. 

The  results  I  obtained  indicated  an  apparent  departure 
from  Ohm's  laAv,  sometimes  in  one  direction,  sometimes  in  the 
other.  The  presence  or  absence  of  the  fine  wire  in  the  circuit 
did  not  seem  to  be  an  essential  condition  of  the  phenomenon. 

*  This  supposes  the  period  of  alternation  long  compared  with  the  time- 
constants  of  the  coil;  the  same  description  applies,  in  a  modified  degree, 
to  other  cases. 
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I  was  therefore  led  to  suspect  that  the  cause  lay  in  the  galva- 
nometer itself — a  suspicion  which  became  certainty  when  I 
found  that  reversing  the  galvanometer-connexions  with  the 
secondary,  or  reversing  the  primary,  had  no  effect  whatever 
on  the  character  of  the  phenomena.     It  appeared  that  the 
effects   observed   could  be  analyzed  as  follows  : — Suppose  we 
are  using  a  Thomson's  galvanometer  \<\\\i  mirror,  lamp,  and 
scale  as  usual,  and  let  the  scale  be  placed  parallel  to  the  coil- 
windings,  a  common  perpendicular  passing  through  the  centre 
of  the  mirror,  and  the  slit  through  which  the  light  comes  from 
the  lamp  ;  then  two  distinct  states  appear,  according  to  the 
relation  between  the  strength  of  the  alternating  currents  in 
the  secondary  and  the  strength  of  the  magnetic  field  in  the 
axis  of  the  coil  due  to  the  earth  and  deflecting  magnet.     1st. 
If  the  currents  are  powerful  enough  and  the  magnetic  field 
weak  enough,  the  spot  of  light  goes  off  the  scale  completely, 
either  to  one  side  or  the  other,  and  remains  there.     It  can  be 
made  to  go  to  either  side  and  remain  there  by  starting  it  off 
properly,  which  is  easily  enough  managed  by  throwmg  on  the 
alternating   currents  after  it  has  passed  the  zero  towards  the 
side  to  which  it  is  desired  to   send  it.     The  spot  will  not  re- 
main at  zero,  even  when  placed  there  very  carefully.     This 
phenomenon  I  call  iiVa^^'raZ  f?<^/f<'e^/o?i*.     2nd.  If  the  strength 
of  the  currents  be  decreased  sufficiently,  whether  by  interpola- 
ting resistance  in  the  secondary  or  primary,  or  by  reducing  the 
electromotive  force  in  the  primary,  or  by  shunting  the  gal- 
vanometer— or  if,  on  the  other  hand,    the    strength  of  the 
magnetic  field  be  sufficiently  increased,  say,  by  lowering  the 
deflecting  magnet, — 

I.  If  the  spot  of  light  be  brought,  when  there  are  no  elec- 
trical oscillations,  to  zero  on  the  scale,  then  on  setting  the  coil 
in  action  it  comes  to  rest  at  zero  and  remains  steady  there. 

II.  If  the  spot  be  brought  to  any  jDosition  right  or  left  of 
zero,  then  when  the  coil  is  in  action  it  comes  to  rest  in  some 
position  a  little  further  to  the  right  or  left  respectively,  and 
remains  steady  there.  The  difference  between  these  positions 
is  greater  the  greater  the  original  deflection  of  the  spot  from 
zero.     This  phenomenon  I  call  unilateral  deflection. 

III.  Xo  difference  of  any  kind  was  produced  in  any  of 
these  phenomena  by  reversing  the  connexions  of  the  secon- 
dary with  the  galvanometer.  Xor  did  the  character  of  the 
phenomenon  depend  on  the  number  of  alternations  per 
second,  which  in  my  experiments  varied  from  10  to  200. 
It  was  the  second  of  the  last-mentioned   set  of  phenomena 

*  After  PoggendorfF,  who  originally  observed  the  phenomenon  and  called 
it  "  Doppelsinnige  Ablenkung." — Pogg.  Ann.  vol.  xlv.  p.  353  (1838), 
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that  first  attracted  my  attention  ;  and  the  reason  which  seemed 
to  me  to  explain  this  sufrgested  the  existence  of  the  first  set 
(I  was  not  then  aware  of  Poogenih)rii''s  description).  Fact 
III.  shows  that  tlie  phenomena  have  nothing  to  do  w'ith  any 
departure  from  Olnn's  law  in  the  case  of  induction-currents  ; 
and  it  seemed  clear  that  the  cause  must  be  sought  for  in 
alterations  of  the  magnetism  of  the  needle. 

Bilateral  deflection  was  ol)served  and  minutely  experi- 
mented on  by  Poggendorff.  Unilateral  deflection  does  not 
seem  to  have  come  under  his  notice,  and  has  not,  so  far  as  I 
am  aware,  been  described  elsewhere*.  Po<To;endorft'  wave  a 
general  explanation  of  the  phenomenon  he  observed,  attribu- 
ting it  to  the  effect  of  the  alternating  currents  on  the  mag- 
netism of  the  needle.  His  description  has  led  others  to  sup- 
pose that  the  effect  never  appears  otherwise  than  in  rendering 
the  needle  unstable  f.  It  will  be  seen,  however,  from  the  above 
facts  that  this  is  not  so.  It  is  easy,  moreover,  to  show  that  a 
general  theory  of  the  phenomenon  would  predict  this. 

Let  a  be  the  inclination  of  the  needle  to  the  plane  of  the 
galvanometer-coil  windings  when  no  currents  pass,  6  its  incli- 
nation at  any  time ;  then  the  magnetic  couple  tending  to 
bring  the  needle  back  to  its  position  of  rest  may  be  represented 
by  sin  {6  —  a),  supposing  there  Avere  an  alteration  of  the  mag- 
netism in  any  position  proportional  to  the  magnetic  force  due 
to  the  current  resolved  pai'allel  to  the  needle  (a  more  accurate 
statement  will  be  given  below) ;  then  the  couple  due  to  this 
tending  to  drive  the  needle  fro)n  its  position  of  rest  would  be 
proportional  to  B  sin  26,  B  depending  on  relative  strengths  of 
electrical  oscillations  and  magnetic  field  ;  thus  the  force  tend- 
ing to  bring  the  magnet  back  to  position  of  rest  would  be  pro- 
portional to 

sin(^-«)-Bsin2^. 

(We  neglect  the  inductive  action  due  to  the  permanent  mag- 
netic field.) 

Suppose  we  draw  on  tAVO  pieces  of  thin  paper  the  curves 

.y  =  sin^, (1) 

and 

3/  =  Bsin2^ (2) 

Then,  by  superposing  the  pieces  of  paper  and  looking  through 
them  towards  a  light,  we  can  see  where  the  curves  intersect 

*  Since  wiiting  this  pap<?r  I  have  learned  from  Lord  Rayleigh  that 
similar  phenomena  have  come  under  his  notice.  Beyond  Poggendortrs, 
I  know  of  no  ptihh'shed  account  of  the  matter. 

t  Schuster,  Phil.  Mag.  [IV]  vol.  xlviii.  p.  257.  Also  "Wiedemann,  Gal- 
vanismus,  Bd.  ii.  2,  p.  284. 
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for  different  relative  positions.  These  points  of  intersection 
correspond  to  the  positions  of  equihbrium  of  the  needle  ;  and 
the  stability  or  instabilitj  of  the  equilibrium  is  seen  at  a  glance. 
For  example,  take  the  case  a=0.  The  points  corresponding 
to  ^  =  0  in  (1)  and  (2)  must  be  superposed  ;  thus,  for  a  large 
value  of  B  we  have  fig.  1.     Here  0,  P,  P',  Q,  and  Q'  give 

Fiff.  1. 
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positions  of  equilibrium  ;  but  0  is  obviously  unstable,  because 
on  going  to  the  right  (increasing  Q)  the  curve  (2)  lies  above 
the  curve  (1),  i.  e.  the  force  tending  to  increase  6  preponde- 
rates ;  and  similarly,  if  Ave  go  to  left  (decrease  6),  the  force 
tending  to  decrease  6  preponderates.  Similarly,  Q  and  Q'  are 
unstable  positions  ;  but  P  and  P'  are  stable  positions  symme- 
trically situated  with  respect  to  0.     The  positions  of  P  and  P' 

lie   nearer  a  point  distant  ^  from  0,  the  greater  B.    This  case 

is  best  illustrated  experimentally  with  a  tangent-galvano- 
meter of  the  usual  construction,  where  the  motions  of  the 
needle  can  be  traced  all  the  way  round.  We  have  thus  ex- 
plained Poggeudorft's  case,  which  is  the  limit  to  the  state  of 
the  phenomenon*. 

Next,  suppose  B  to  be  small,  we  have  fig.  2.     The  positions 

Fio:.  2. 


*  There  are  some  points  in  PoggendorflPs  obseiTations  wliicli  did  not 
appear  in  mine  ;  but  tne  difference  might  arise  from  the  inductive  influence 
of  the  earth  being  sensible  in  his  experiments,  which  -was  not  the  case  in 
mine. 
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P  and  P'  have  now  disappeared,  and  the  equilibrium  at  0  has 
become  stable.  This  corresponds  to  case  (1)  of  the  second 
state  of  the  phenomenon. 

Lastly,  sup])Ose  B  small  and  a  not  zero,  then  we  must  dis~ 
place  the  origin  in  curve  (1)  to  the  ri(jht,  say.  We  thus  get 
fig.  3.     Here  0  0'  =  a,  so  that  0'  represents  the  position  of 

Fi-.  3. 
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equilibrium  Avhen  there  are  no  currents.  P  and  P'  are  7m- 
stahle  ;  and  Q  represents  a  single  stable  position  when  the  cur- 
rents are  going.  The  deflection  corresponding  to  this  posi- 
tion is  0  «,  where  n  is  the  foot  of  the  ordinate  of  Q,  and  0  n  is 
>  0  0',  in  accordance  with  the  experimental  facts  above  stated. 

Similar  reasoning  Avould  show  that  if  the  magnet  had  been 
deflected  in  the  opposite  direction,  the  alternating  currents 
would  have  increased  the  deflection  in  the  same  direction.  In 
fact  the  above  simple  graphical  representation  embraces  the 
experimental  facts,  as  I  have  observed  them,  completely. 

It  may  render  the  above  clearer  to  give  the  results  of  one 
of  the  earlier  experiments  with  a  Thomson's  galvanometer. 
No  care  was  taken  to  adjust  the  scale  parallel  to  the  windings 
of  the  coil ;  so  that  the  results  are  not  symmetrical  ;  but  they 
illustrate  perfectly  the  nature  of  the  phenomenon  in  its  second 
state. 


Position  of  spot 

Position  of  spot 

with  no  current. 

with  currents  going. 

+  173 

+  350 

177 

+  50 

+  10S 

58 

-     2 

+   10 

12 

-   14 

-    15 

1 

-  20 

-  30 

10 

-  64 

-134 

70 

-193 

-355 

162 

In  this  case  the  mirror  was  very  nearly  parallel  to  the  coils 
when  the  spot  of  light  was  at  — 14  on  the  scale.  It  will  be 
seen  from  the  above  that  the  eflfects  are  of  a  very  decided  and 
unmistakable  character.  I  may  also  add  that  I  have  got 
similar  results  with  three  diflFerent  galvanometers. 
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Tliis  may  be  sufficient  so  far  as  the  subject  is  connected  with 
galvanometry  merely.  I  need  hardly  call  attention  to  the  im- 
portance of  these  phenomena  in  relation  to  experiments  such 
as  those  of  Dr.  Schuster^  wh(^re  alternating  currents  are  used. 

In  attempting  to  get  a  clearer  insight  into  the  nature  of  the 
effect  on  the  magnetism  of  the  needle,  I  was  led  to  make  some 
nmnerical  verifications,  and  to  give  some  variations  to  the 
experiment  which  may  perhaps  be  of  interest. 

The  phenomenon  of  magnetic  induction  is  more  or  less 
complicated  according  to  circumstances.  We  have  to  deal, 
in  fact,  with  several  distinct  phenomena,  which  may  for  the 
present  purpose  be  classified  under  two  heads  : — I.  Tempo- 
rary Magnetism  ;  II.  Residual  Magnetism  and  its  gradual 
decay.  These  phenomena  are  analogous  to  (1)  the  temporary 
strain,  (2)  the  permanent  set  and  "elastic  recovery"*  in  a 
solid  subjected  to  stress  in  any  way. 

In  what  follows  I  shall  assume  that  we  have  to  do  with 
temporary  magnetism  merely.  Even  when  thus  simplified 
the  present  case  is  to  some  extent  peculiar.  It  is  probable 
that  the  maximum  magnetization  producible  by  a  given  force 
is  attained  only  after  the  force  has  been  in  action  for  some 
time  f.  Now,  if  the  effects  we  are  considering  be  due  to  in- 
duced magnetism  at  all,  it  is  obvious  that  a  very  considerable 
fraction  of  the  induced  magnetism  due  to  a  given  magnetic 
force  must  be  developed  in  an  interval  of  time  incomparably 
smaller  than  the  ^^  of  a  second,  whereas  in  the  ordinary 
experiments  on  induced  magnetism  the  time  allowed  for  the 
development  of  the  magnetization  is  practically  unlimited* 
This  peculiarity  gives  the  present  case  additional  interest. 

I  shall,  in  what  follows,  assume  that  when  the  magnetic 
force  to  which  an  element  of  iron  or  steel  is  subject  varieSj 
the  corresponding  variation  of  the  magnetic  moment  of  the 
element  follows  at  an  interval  of  time  which  is  incomparably 
shorter  than  any  other  we  have  at  present  to  deal  with  (e.  g. 
the  time  during  which  either  of  the  induced  currents  remains 
in  the  neighbourhood  of  its  maximum). 

With  this  assumption,  we  may  apply  the  ordinary  theory  of 
magnetic  induction.  Tlu-ee  general  conclusions  may  at  once 
be  drawn  from  the  simple  consideration  that  an  elongated 
body  tends  to  place  its  axis  parallel  to  the  lines  of  magnetic 
force  : — 

*  By  elastic  recovery  is  meant  wliat  in  Germany  is  familiarly  known 
under  the  name  of  "  Elastisclie  Nacliwirkuug.''  I  do  not  know  of  any 
English  name  for  it  -which  has  the  sanction  of  good  authority. 

t  Wiedemann,  Gcdvanismus,  Bd.  II.  2,  p.  1(30.  Also  Faraday,  Phil. 
Mag.  [IV.]  vol.  ix.  p.  92. 


408  Mr.  G.  Chrystal  on  Bi-  and  Unilateral 

I.  An  eloiijTated  ma crnet  magnetized  axially  tcould  give  phe- 
nomena analt)MOus  to  tliose  observed. 

II.  A  spherical  magnet  would  give  no  such  phenomena. 

III.  An  elongated  magnet  magnetized  transversely  would 
give  similar  phenomena,  except  that  in  unilateral  deflection 
the  sign  of  the  effect  would  be  reversed  ;  i.  e.,  the  spot  of  light 
being  brought,  by  means  of  the  deflecting  magnet,  to  the  right 
or  left  of  zero,  the  effect  of  the  alternating  currents  would  be 
to  diminish  this  deflection. 

Conclusion  III.  was  directly  verified  ;  and  the  result  was  in 
com})lete  agreement  with  theory.  Conclusion  II.  was  also 
verified  experimentally.  A  small  spherical  steel  magnet  was 
fitted  with  a  mirror  hung  up  in  the  galvanometer  and  observed, 
as  will  be  afterwards  described  in  the  case  of  an  elongated 
magnet  magnetized  axially.  The  magnetic  moment  of  the 
sphere  was  roughly  determined  for  me  by  Mr.  Shaw,  B.A.,  of 
Emanuel  College ;  the  maximmii  horizontal  earth-couple  on  the 

(cm .  \  ^ 
— '-  ]  . 

Two  cells  of  Grove  were  used  in  the  primary  of  the  induc- 
tion-coil. The  result  was  a  feeble  ^milateral  deflection. 
An  observation  was  made  with  an  elongated  magnet  con- 
sisting  of  a  piece  of  thin  watch-spring  magnetized  longitudi- 
nally. The  maximum  earth's  couple  in  this  case  was  about 
(cm.\  2 
- — -  1  .     All  the  other  arrangements  were  exactly  a 

before.  The  result  was  strong  bilateral  deflection.  Here  the  two 
magnets  were  very  nearly  in  the  same  circumstances,  the  ad- 
vantage being  somewhat  in  favour  of  the  sphere,  owing  to  its 
smaller  moment.  It  appears,  then,  that  the  form  of  the  mag- 
net has  a  very  powerful  effect  on  the  phenomenon. 

That  the  effect  should  be  absolutely  nil  with  the  sphere  was 
not  to  be  expected ;  for  we  know  *  that  a  piece  of  steel  once 
permanently  magnetized  by  a  force  F  is  never  in  the  same 
state  as  it  was  originally.  We  can  demagnetize  the  steel  ap- 
parently completely  by  a  force  less  than  F  ;  but  it  requires  a 
force  greater  than  F  to  magnetize  to  an  equal  degree  in  the 
opposite  direction.  The  particles  of  a  magnetized  steel  sphere 
have  therefore  a  <7?/asi-crystalline  structure  related  to  the  mag- 
netic axis  ;  so  that  the  perfect  symmetry  which  causes  a  sphere 
to  behave  neutrally  in  a  field  of  uniform  force,  as  far  as  induced 
magnetism  is  concerned,  is  probably  in  some  degree  lost,  and 
can  only  be  restored  by  heating  the  steel  over  red  heat  and 

*  E.  g.  Rowland,  Phil.  Mag.  [IV.]  vol.  1.  p.  358.  Also  Fromme,  Pogg. 
Ann.  Ergbd.  vii.  p.  421 ;  Phil.  Mag.  [IV.]  vol.  1.  p.  299. 
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allowing  it  to  cool  apart  from  magnetic  influence,  or  by  some 
other  equivalent  process  of  molecular  revolution. 

A  closer  examination  into  the  behaviour  of  an  elongated 
ma o-net  further  confirms  the  above  theorv.  Let  us  take  as 
tvpe  of  such  a  magnet  a  very  elongated  ellipsoid  of  revolution 
magnetized  parallel  to  its  axis,  and  suspended  from  a  point  in 
its  equator.     Let  o  ^  be  the  plane  of  the  galvanometer-wind- 

Yis.  4. 


ings,  0  F  the  direction  of  the  resultant  magnetic  force  (F) 
■when  there  is  no  current,  o  X  the  direction  of  the  axis  of  the 
magnet  at  any  time, 
«  =  Fo?, 

e  =  Xof , 

m=  permanent  magnetic  moment, 
K  =  coefiicient  of  induced  magnetization, 
V  =  volume  of  magnet, 
i  =  current  at  any  time  t, 
g  =  constant  of  galvanometer, 
n  =  number  of  breaks  per  second  in  primary. 

The  component  forces  parallel  to  oX  and  oY  at  time  t  tending 
to  magnetize  the  needle  inductively  are 

X=^isin^  +  Fcos(^-a), 

y=^tcos^-Fsin(^-«). 

Hence  (see  Max-well's  '  Electricity,'  vol.  ii.  pp.  65  &  67)  the 
couple  tending  to  increase  6  is 

—  r-  sm  z{p—a)]. 
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Consi(leri7io-  now  ■what  happeus  durin<i;  a  complete  oscilla- 
tion, let  P  be  the  uniform  force  whose  action  during  that  time 
is  equivalent  to  the  action  of  the  varying  force  due  to  induced 
magnetism,  then 

'p\^JL!^[g-i^{^2d{\\U-Y\-  .sin2(^-a)l  . 
n      l  +  ^TT/cl-^  J„  n  S 

The  middle  term  disappears  because  I    idt  =  0.     Hence,  if  P 

^-  -'" 

f"  1 

denote  I    rdt  -=-  -,  /•  e.  the  mean   square  of  the  induced  cur- 

•-  0 

rents,  then  P  =  A'rsin  2^-B'sin  2((9-a),     .      .     (1) 

where 

~  1  +  27r/c'  ~  1  +  27r/c' 

Adding  now  the  couple  due  to  the  permanent  moment  of  the 
needle,  we  get  for  the  whole  force  tending  to  decrease  0, 

mF  sin  (6  -  x)  -  AT  sin  26 +  W  sin  2{d-u).     .     .     (2) 

In  all  the  experiments  of  verification  to  be  afterwards  de- 
scribed (and  in  all  the  experiments  discussed  in  this  paper) 
the  permanent  field  on  the  galvanometer  was  very  much  weak- 
ened by  properly  adjusting  permanent  magnets.  Under  these 
circumstances  W  is  very  small  compared  with  ?nF  and  A'P. 
It  is  easy  to  verify  this  by  comparing  the  observed  values  of 
the  times  of  oscillation  of  the  needle  when  the  currents  are  going 
and  when  they  are  not,  with  the  values  calculated  by  means  of 
(2).  The  verification,  however,  is  suppressed,  as  it  is  long 
and  uninteresting. 

The  expression  for  the  couple  therefore  becomes 

7«Fsin(^-«)-A'Psin26',    ....     (3) 

the  same  as  that  obtained  above  by  looser  reasoning.  It  ap- 
pears, then,  in  the  first  place,  that  if  we  make  a  series  of 
observations  of  unilateral  deflection,  and  if  a  define  the  posi- 
tion of  the  needle  for  no  current,  and  6  the  position  when  the 
currents  are  going,  then,  other  things  being  equal, 

sin(^-«)      A'P  ,      p 

— ->  ^-  ^  =  — ^  =  const  =0  say. 
sni  za  mt 

To  verify  this  law  I  used  the  following  arrangement : — The 
galvanometer  (designed  by  Professor  Maxwell  and  originally 
made  by  Warden,  Clark,  and  Muirhead,  but  rewound  by  myself 
last  summer)  has  two  coils  wound  in  channels  ^  inch  broad, 
Ij^inch  deep,  and  4  inches  in  external  diameter.    The  number 
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of  windings,  partly  of  thin  and  partly  of  thick  wire,  is  about 
2668,  making  up  a  resistance  of  about  68  ohms.  The  chan- 
nels are  cut  in  the  same  piece  of  boxwood,  along  the  axis  of 
which  is  drilled  a  cylindrical  hole  in  which  hano-s  the  magnet. 
The  ends  of  this  cylindrical  cavity  are  closed  by  two  caps,  one 
of  which  is  fitted  with  a  plano-convex  lens,  the  other  with  a 
piece  of  plane-parallel  glass.  The  torsion-head  is  fitted  with 
a  Weber's  suspension-screw  in  the  usual  way.  The  whole  oi 
the  upper  part  is  supported  on  a  foot,  with  placing  screws  in 
such  a  way  that  the  coils  can  be  turned  about  a  vertical  axis. 

The  magnet  consisted  of  a  piece  of  silvered  glass  fitted  to  a 
brass  frame,  with  weights  for  increasino-  the  moment  of  inertia. 
To  the  back  of  this  was  fitted  a  thin  piece  of  magnetized  watch- 
spring  about  10  millims.  long  and  2  millims.  broad.  Under 
the  earth's  force  the  period  of  the  needle's  oscillation  was  22*2 
sec.  This  was  raised  to  49*2  sec.  by  properly  weakening  the 
field. 

The  deflection  of  the  magnet  was  measured  by  means  of  a 
scale  and  telescope  in  the  ordinary  way,  the  position  of  rest 
beino-  deduced  from  three  elono-ations.  The  deflection  of  the 
coils  was  measured  by  means  of  the  faint  image  of  the  scale 
from  the  plate-glass  cap  which  closes  the  cylindrical  core. 

The  battery  used  was  six  cells  of  Smee  ;  and  the  primary 
circuit  was  made  and  broken  by  means  of  an  electric  tuning- 
fork  lent  me  by  Mr.  Dew  Smith,  driven  by  the  primary  cur- 
rent itself.  The  induction-coil  was  of  the  ordinary  construc- 
tion, the  resistance  of  the  secondary  being  about  2714  ohms. 

By  making  an  observation  with  the  planes  of  the  plate-glass 
cap  and  mirror  very  nearly  parallel,  the  value  of  the  correction 
for  the  deviation  of  magnetic  axis  of  needle  in  this  position 
from  the  true  plane  of  the  coils  was  found.  Using  this  cor- 
rection, a  series  of  observations  with  different  deflections  of 
the  coils  gave  the  followincr  result : — 


a. 

e. 

C. 

O    1 

O     1 

+  1  28 

1  55 

•1175 

+4  0 

5  13 

•1172 

+  5  0 

6  29 

•1156 

+5  16 

6  54 

•1195 

-4  34 

6  3 

•1225 

Considering  the  means  employed  in  obtaining  them,  these 
values  of  C,  differing  from  the  mean  by  less  than  4  per  cent., 
agree  as  well  with  each  other  as  was  to  be  expected.  Tlie  two 
disturbing  elements  were  the  inconstancy  of  the  battery  and 
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the  varying  residual  magnetism  of  the  iron  core  in  the  induc- 
tion-coil. 

I  next  made  some  experiments  to  determine  whether,  other 
things  being  equal,  C  varies  as  I",  -svhich  by  the  above  theory- 
it  ought  to  do.  With  this  object  in  view  different  resistances 
were  interpolated  in  the  secondary,  every  thing  else  being 
kept  the  same.  The  resistance  of  the  secondary,  including  the 
galvanometer,  was  about  2768  ohms.  Resistances  of  1000 
and  upwards  were  put  in,  a  and  6  observed,  and  the  resulting 
values  of  C  calculated. 

If  we  suppose  the  time  which  elapses  between  two  successive 
interruptions  of  the  primary  to  be  so  long  that  the  current  in 
the  primary  arrives  at  the  steady  state  in  the  interval,  and  the 
induced  currents  in  the  secondary  due  to  make  and  break  do 
not  interfere,  then  it  is  very  easy  to  calculate  the  value  of  P 
for  the  induction-currents.     The  result  is 

2NQ  I^  +  LQ  +  NPJ'     •     ■     •     '•    •' 

where  L,  N  are  the  coefficients  of  self-induction  for  the  pri- 
mary and  secondary,  M  the  coefficient  of  mutual  induction, 
and  P  and  Q  the  respective  resistances,  j  the  steady  current  in 
primary,  and  n  the  number  of  interruptions  per  second  as 
before.  Of  the  two  terms  within  the  bracket  the  first  is  con- 
tributed by  the  current  due  to  the  break,  the  second  by  that 
due  to  make. 

Now  with  an  induction-coil  such  as  I  used — where  L  =  '013, 
M  =  -79,  N  =  52,  and  P  =  2  (say)  and  Q  =2768  (these  num- 
bers are  very  rough  estimates  deduced  from  experiments  per- 
formed for  practice) — the  time-constants  of  the  coil  are  such 
that  with  tuning-forks  such  as  I  used  for  producing  the  break 
(which  gave  n  =  bO,  100,  or  200)  the  above  formula  is  very 
far  from  being  applicable. 

In  fact  the  result  is  much  nearer  what  we  should  get  by 
assuming  that  the  primary  current  followed  the  sine  law,  in 
which  case  we  should  get,  A  being  the  maximum  electromotive 
force  in  primary,  and  v  =  27rn, 

^  ^  (LN-M2)V^  +  (N2p2 ^  2 ]\PPQ -h Uq'y  +  P2Q2'  *  ^^^ 

in  which  case  it  is  easy  to  see  that  if  v  be  big  enough,  the 
effect  on  I^  of  doubling  and  trebling  the  resistance  Q  will  be 
comparatively  small.  This  is  confirmed  by  experiment,  as  the 
following  Table  will  show : — 


Galvanometer  Deflection. 
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Q. 

Values  of  C  for  different  values  of  n. 

50. 

100.         i         200. 

2780 

3780 

8780 

12780 

■2448 
•2359 
•1798 
•1424 

•2211                -2128 
•2126                2062 
•1829        \          1822 
•156S                •1657 

"When  the  value  of  n  is  less,  the  value  of  C  ought  to  fall 
quicker  as  Q  increases.  This  is  confirmed  by  the  follo-^dnor 
result  of  a  series  of  experiments  in  Avhich  n  had  the  value  10 
very  nearly : — 


Q.                        C. 

D. 

2780 

5480 

10480 

12780 

■0774 
■0475 
■0242 
•0194 

1237 
1637 
1774 
1796 

The  column  D  gives  the  first  four  figures  of  the  reciprocal  of 

cqV  +  np+lqj' 

■which  ought  to  be  constant  if  J-  followed  formula  (A).  It 
will  be  seen  that  D  is  not  very  far  from  being  constant,  the 
differences  getting  less  as  Q  increases.  This  is  what  we  should 
expect. 

If  instead  of  using  the  induction-coil  in  the  usual  way  we 
throw  the  battery  into  the  coil  usually  used  as  the  secondary, 
and  put  the  galvanometer  into  the  small-resistance  coil  com- 
monly used  as  the  primary,  then  the  induced  currents,  even 
with  the  200  fork,  will  not  interfere.  TVe  must  in  this  case 
put  in  formula  (A),  which  is  now  perfectly  applicable, 

L  =  52,     M  =  -79,    X=-013,     P  =  2720  (say),     Q  =  68, 

the  last  arising  practically  from  the  galvanometer  resistance. 
Hence 

KP 

. tl± =-010 

LQ  +  XP      ^^^' 

and  when  Q  is  doubled  its  value  is  '005  ;  so  that  the  fraction 
contributed  by  the  current  at  make  to  the  value  of  I^  is  now 
comparatively  small.  Hence  C  will  approximately  vary  in- 
versely as  the  resistance  Q,  and  C  ought  to  drop  to  nearly 
half  its  value  when  Q  is  doubled. 

The  experiment  was  tried  with  twenty-five  small  Leclanche 
cells  in  the  secondary  of  the  induction-coil  ;  the  breaking-fork 
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was  now  driven  by  an  auxiliary  battery.  Tlic  value  of  n  was 
50.  The  galvanometer  (resistance  about  68)  was  put  in  the 
primaiy  as  above  described. 

The  above  calculation  represents  the  case  thus  realized  pretty 
closely  ;  for  although  the  self-induction  of  the  galvanometer 
has  been  neglected  and  the  resistance  of  the  battery  only 
roughly  estimated,  yet  neither  of  these  affects  the  important 
term.  The  result,  therefore,  of  experiment  ought  to  be  nearly 
as  above  predicted.  It  was  so  as  nearly  as  could  be  seen, 
taking  account  of  unavoidable  experimental  errors. 

It  appears,  therefore,  that  the  above  theory  stands  so  far  the 
test  of  experiment.  When  I  can  get  the  use  of  a  sine-inductor 
or  a  sufficiently  delicate  electrodynamometer  (both  of  which 
Avill  probably  soon  be  added  to  the  collection  of  instruments  at 
the  Cavendish  Laboratory),  it  will  be  easy  to  test  the  theory 
still  further. 

If  it  be  accepted,  it  seems  to  me  that  an  interesting  conclu- 
sion follows,  viz.  that,  of  the  total  induced  magnetism  which  a 
given  field  of  force  is  capable  of  generating  in  any  body  placed 
in  it,  a  very  considerable  fraction  must  be  developed  in  a 
time  very  much  less  than  ^^  of  a  second. 

Perhaps  a  method  for  measuring  the  inductive  capacities 
for  temporary  magnetism  of  stronghj  magnetic  substances 
might  be  built  on  the  experiments  I  have  described  ;  but  this 
can  hardly  be  done  until  it  is  better  known  what  degree  of 
accuracy  can  be  ascribed  to  the  law 

Co:  P. 

Possibly  by  sufficiently  increasing  the  speed  of  revolution  we 
might  with  a  sine-inductor  be  able  to  introduce  the  element  of 
time  into  magnetic  measurements,  and  thereby  get  new  light 
on  the  difficult  subject  of  magnetic  induction. 

Cavendish  Laboratory,  Cambridge, 
October  2,  1876. 


LI.  Attemj)t  at  a  Theory  of  the  (^Anomaloris)  Dispersion  of 
Light  in  Singly  and  Doubly  Refracting  Media.  By  Professor 
E.  Ketteler. 

[Continued  from  p.  345.] 

F  Ave  now  make  the  attempt  to  extend  our  theory  to  an- 
isotropic media  also,  only  one  procedure  will  lead  to  the 
end  in  view,  and  that  totally  different  from  the  usual  one.  Ac- 
cording to  Fresnel's  method,  namely,  the  mathematical  treat- 
ment has  hitherto  been  restricted  exclusively  to  the  differential 
equations  of  the  vibratory  motion  of  the  sether  pei'pendicular 
to  the  normal   of  the  waves ;    and  bv  means   of   them   the 
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velocity-surface  of  the  normal  (corresponding  to  the  "  first 
ellipsoid ''),  as  the  primary,  has  been  derived.  Making  use 
of  this  latter,  the  velocity-surface  of  the  rays,  the  "  wave- 
surface  "  (corresponding  to  the  seconder  Pliicker's  ellipsoid), 
is  then  obtained  as  the  envelope  of  the  same.  The  wave- 
surface  thus  appears  only  as  secondary  or  derived  from  the 
former,  while  in  nature  it  is  quite  the  reverse  :  here  the  wave- 
surtace  only  has  a  physical  meaning,  and  the  normal  surfoce 
is  associated  with  it  solely  as  an  (of  course  valuable)  auxiliary 
surface. 

The  incorrectness  referred  to  can  only  be  avoided  by  ad- 
mitting also  the  vibrations  of  the  corporeal  particles. 

Let  the  medium  whose  doubly-refracting  properties  are  in 
question  have  resiilted  from  an  isotropic  one,  with  molecular 
distance  r^  equal  on  all  sides,  through  being  exposed  in 
three  perpendicular  directions  to  the  pressure-  or  pull-forces 
/»j,  py,  p,.  and  thereby  attained  linear  extensions  exactly  pro- 
portional (as  we  will  assume)  to  these  pressures,  which  then 
have  for  their  consequence  the  coordinate-distances  a'  =  Xq(1  + 

z^^(l  +7).  The  variable  molecular  distance  r  for  any  direction 
whatever,  which  forms  with  the  axes  of  pressure  the  angles 
a,  b,  c,  is  calculated  therefrom  (as  I  will  further  on  show)  by 
means  of  the  equation 

1  cos^a  cos^6  cos^c 

;2  +  - 


If  now  an  ffither-point  of  the  medium  is  permanently  shaken 
bv  any  external  force,  this  motion  is  propagated  to  all  the 
surrounding  Eethereal  and  corporeal  particles;  and  after  the 
lapse  of,  say,  the  unit  of  time,  it  has  proceeded  as  far  as  a 
surface  called  kut'  e|o;^^v  the  wave-surface.  Along  each  nidius 
vector  of  this  sm-face  (a  "  ray  ")  the  aethereal  and  corporeal 
particles  are  therefore  in  associated  motion.  The  condi- 
tions, however,  of  this  association  are,  in  my  opinion,  the 
foUomng: — 

a.  The  vibrations  of  the  sethereal  and  corporeal  particles 
necessarily  take  place  in  the  plane  given  by  the  ray  and  the 
wave-normal,  which  therefore  at  the  same  time  appears  as  a 
certain  plane  of  s;\mimetry  of  the  medium. 

b.  The  vibrations  of  the  asther  particles  (which  latter,  on 
account  of  their  minuteness,  we  conceive  as  at  least  approxi- 
mately continuous)  lie,  by  virtue  of  the  incompressibility  of 
the  particles,  within  the  tangential  wave-plane. 

c.  On  the  contrary,  the  force  which  results  from  the  resist- 
ance of  the  more  discretely  situated  corporeal  particles  stands 
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perpendicular  to  the  ray ;  and  so  far  they  do  not  behave 
otherwise  in  anisotropic  than  in  isotropic  media. 

d.  On  the  other  hand,  again,  on  account  of  the  difference 
intimated,  it  does  not  appear  indisponsa])le  that  the  corporeal 
and  nathoroal  particles  should  vibrato  in  parallel  directions. 
We  preliminarily  leave  it  undecided  whether  the  vibrations  of 
the  former,  so  far  as  they  have  generally  a  regular  direction, 
are  perpendicular  to  the  ray  or  to  the  normal. 

This  supposed,  let  e  be  the  constant  of  deformation  of  pure 
rether;  and  lot  E,  E',  K  be  the  constants  of  the  additional 
forces,  originating  from  the  resistance  of  the  corporeal  parti- 
cles and  acting  perpendicular  to  the  ray. 

Consequently,  as  regards  the  equation  of  motion  of  the 
aethereal  particles  vibrating  perpendicular  to  the  normal,  we 
have,  if  e  acts  exactly  in  this  direction  and  to  e  the  increment 
E  cos  S  (understanding  by  8  the  angle  between  the  ray  and 
the  wave-normal)  is  added, 

./g=(.  +  Ecos8)g.       .     .     .     (15  a) 

On  the  other  hand,  for  the  corporeal  particles  the  previous 
differential  equation 

"'"^=^'^^  +  Kp'      ....     (15  b) 

remains  afterwards  as  before ;  and  in  it  E'  and  K  are  to  be 
referred  to  a  direction  perpendicular  to  the  ray.  We  also 
again  make  the  assumption  that 

E=ue,W  =  ue',K  =  ctK (16) 

To  integrate  these  equations,  we  imagine  the  actual  excur- 
sion p  (A)  as  a  component  of  the  virtual  excursion  Pq(Aq=S), 
and  put 

p'  =  a'cos27r(|  +  |-©)  J 

Here,  consequently,  as  may  be  particularly  remarked,  the 
abscissEe  x  also  are  referred  to  the  direction  of  the  ray ;  and 
just  so  the  V  are  the  internal  Avave-lengths  measured  in  the 
same  direction,  not  in  the  direction  of  the  normal. 

If,  finally,  we  denote  the  ray-velocity  by  cr  (in  contradi- 
stinction to  the  wave-velocity  eo),  and  put,  besides  the  sine- 

ratio  n  =  —. — =-,  the  ratio  of  velocities  n'=    ,  we  obtain  for 
sm  r     o)  o- 
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the  latter,  analogous  to  what  was  obtained  before, 


-,  cos  S 
e 


L 


(18) 


2-1 


if  we  generalize  as  much  as  possible  by  introducing  the  symbol 
of  summation. 

8.    The    problem    that    now    remains    is,  to    express    the 

€       € 

values  -/,  -j  —  ^'  ^^  functions  of  the  variable  molecular  dis- 
tance r ;  while  m'  and  m  remain,  as  masses  of  cubic  space, 
independent  of  any  orientation. 

It  may  tirst  be  asked,  "Which  linear  density  of  the  corporeal 
structure  comes  into  consideration  in  relation  to  the  resistance 
to  the  vibrations  of  the  aether  ?  that  in  the  direction  of  the 
giving- way  of  the  corporeal  particles,  or  that  in  the  direction 
of  the  ray,  or  that  in  a  third  direction  perpendicular  to  the  two 
mentioned  ?  ^  We  shall  unhesitatingly  select  the  first. 

Further,  e'  and  k'  both  depend  generally,  complementary  to 
each  other,  on  the  form,  the  chemical  quality,  and  the  forces 
of  the  molecular  combination.  It  hence  appears  probable  that 
every  alteration  of  density  will  affect  the  one  quantity  as  well 
as  the  other.     In  fact  the  result  of  my  previous  memoirs  is, 

that  the  quotient   -7  =  L^  is  not  merely  independent  of  the 

cubic  density  for  gases  and  liquids,  but  also  has  an  identical 
value  for  the  two  or  three  principal  indices  of  refraction  of 
anisotropic  media.  On  the  other  hand,  it  is  different  for  calc- 
spar  and  aragonite  notwithstanding  their  similar  chemical 
composition.  JVe  shall  therefore  regard  our  constant  L^  as 
connected  solely  with  the  optico-chemical  quality. 

€ 

The  quotient  -„  on  the  contrary,  as  the  ratio  of  two  quan- 

titles  belonging  to  one  another,  of  deformation  of  the  aether 
and  the  corporeal  particles,  will  necessarily  change  with  the 
molecular  distance  r  of  the  latter.  Now,  since  for  r  infinitely 
great  (which  of  course  implies  that  ?n'  =  0)  n  is  equal  to  1  and 
an  mcrease  of  n'  is  united  with  the   diminution   of  r,  there- 

fore  -  will  be  inversely  proportional,  at  least  approximately, 

to  some  power  of  this  distance.  We  select,  for  obvious  reasons, 
the  first ;  and  if  we  thus  put 

?=7..      (1«) 
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understanding  bv  6  an  absolute  constant,  we  have  experiment 

7l'2— 1   . 

on  our  side,  inasmuch  as  it  is  known  that in  the  grand 

total  changes  but  little  with  the  density. 

nierelore  only  the  value  of  8  still  remains  to  be  cleared  up. 
For  this  purpose  we  Avill  imagine  the  following  experiment 
realized  : — 

Upon  the  plane  dividing-surface  of  an  isotropic  substance 
fiills,  at  the  angle  of  incidence  0,  the  i)lane  of  a  linearly  ])olarized 
■^vave — that  is,  a  pencil  of  an  infinite  number  of  parallel  rays. 
It  will  enter  the  interior  without  refraction  ;  and  its  ])olariza- 
tion  will  remain,  within  as  without,  the  same.  Of  the  pene- 
trating ravs  we  take  one,  and  imagine  the  corporeal  })articles 
with  which  it  comes  into  contact  in  its  path  characterized  by 
some  external  token. 

We  then  compress  or  dilate  the  medium  in  two  directions 
perpendicular  to  one  another  (but  which,  for  simplicity's  sake, 
shall  both  be  parallel  to  the  vibration-plane)  unequally.  The 
result  is  twofold.  On  account  of  the  unequal  axial  extension, 
all  the  rows  of  molecules  which  do  not  fall  into  the  direction 
of  this  axis  are  rotated  a  cei-tain  measurable  angle,  and  among 
them  the  line  before  indicated,  whose  previous  angle  Xo  "^^'^^^ 
one  of  the  force-directions  changes  into  Xo  +  ^o  =  X-  Secondly, 
the  pre^nously  singly  refracting  medium  becomes  optically 
uniaxal  for  the  plane  considered  ;  the  refracted  (extraordinary) 
wave-plane  now  corresponding  to  the  incidenoe-angle  0  cer- 
tainlv  remains  parallel  to  the  incident  wave-plane ;  but  the 
ray  belonging  to  it  appears,  with  respect  to  the  incident  {Xo)^ 
likewise  rotated  through  some  angle  h.  Thus,  in  consequence 
of  the  modification  taken,  with  one  and  the  same  line  of  space 
X(^  the  two  new  directions  %o  +  ^o=%  ''^"^  Xa'^^  —  'x!  "^ould  be 
associated.  If  at  first  one  of  the  axes  of  pressure  is  made  to 
coincide  with  the  incident  ray  so  as  to  make  ;)^q=0,  then  h  =  h' 
also  becomes  =0.  If  Xo  ^^  ^^^^^  increased,  h^  and  8  will 
simultaneously  increase:  for  the  vicinity  of  ;)^;,,  =  45°  they  reach 
their  maximum,  and  sink  again  to  0  for  ^^  =  90°. 

For  this  peculiar  behaviour  of  the  two  directions  x  ^^^^  %' 
(one  of  which  is,  besides,  conditioned  by  the  coexistence  of 
the  other)  there  is,  in  my  opinion,  no  other  satisfactory  solu- 
tion but  just  the  postulate  %=x;'?  ^n  =  ^-  According  to  this 
the  angle  h  between  wave-normal  and  ray  (or  the  virtual 
vibration-directions  corresponding  to  them)  would  be  the  same 
as  the  angle  between  the  former  direction  as  that  of  some 
particles  of  the  unmodified  medium  and  the  direction  of  the 
same  particles  after  the  modification.  Or,  in  other  words, 
The  internal  ray  correspoiiding  to  one  determinate   external 
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wave  appears  to  he  connected  xcith  the  cooperation  of  the  iden- 
tical corporeal  particles,  ichether  the  medium  he  isotropic,  or  hy 
external  forces  transferred  into  the  anisotropic  state*.  The 
inference  from  such  external  forces  to  molecular  forces  is 
sufficiently  obvious. 

If,  moreover,  the  medium  is  a  compound,  so  that  the  sum- 
mation-s^Tnbol  of  equation  (18)  comes  into  use,  we  may 
provisionally  content  ourselves  with  the  special  case  that  S  is 
the  same  for  aU  its  optico-chemical  elementary  constituents, 
and  therefore  cos  S  can  be  placed  before  the  s^Tnbol  of  sum- 
mation. 

9,  Assuminor  this,  ?•  and  S  can  be  calculated  in  the  following 
manner : — Griven  the  distance  R,^  of  any  particle  of  the  un- 
modified medium  from  the  origin  of  coordinates ;  let  the  line 
which  joins  the  two  (perpendicular  to  the  above-noticed  row 
of  molecules)  make  with  the  axes  the  angles  a^,  h^,  c^.  We 
have  then 

cos  ^0=^5  cos  5o=  ^,  cos  c^=  ^. 

In  consequence  of  the  modification  the  same  row  of  mole- 
cules arrives  at  the  somewhat  different  position  a,  h,  c,  and  the 
distance   R^   becomes   R.       Correspondingly  there  are  then 

cos  a=  =5,  cosh=  ~j,  cos  c=  ^.     For  S,  R,  and  R^  the  rela- 
IX  ix  ix 

tions  now  hold  good  : — 

cos  8  =  cos  a^  cos  a  +  cos  h^  cos  b  +  cos  c,,  cos  c  ; 


W^a^+f  +  z';     W  =  4+yl  +  z 


Xow  according  as,  by  means  of  the  axial  distances  of  §  7, 
we  reduce  either  the  angle  of  the  new  direction  to  that  of  the 
old,  or  the  angle  of  the  old  to  that  of  the  new,  noticing  the 
proportionality  of  R,  R^  to  r,  r^,  we  get  the  following  expres- 
sions : — 

r  <?osS  =  ro(l  +  a)  cos-a^  +  r^{l  +  ^)gos\  +  r^{l  +  7)cos-Co,~| 
r-  =  ,-o(l  +  «)-  cos^  a,  +  rl(l  +  /S)^  cos^^^  +  ^'oCl  +  yycos\;)  ^^^^ 

*  To  the  above  consideration  tlie  theory  of  aberration  (Ketteler,  Astron. 
Aberrationslehre,  p.  177)  presents  the  following  analogy  .-—Let  a  ray  AB, 
incident  upon  an  isotropic  or  anisotropic  medium  at  rest,  produce  in  its 
interior  the  refi'acted  ray  BC  ;  and  let  the  three  points  A,  B,  C  be  imagined 
as  fixed  once  for  all  by  three  dioptrics  inseparably  connected  with  the 
structm-e  of  the  medium — or,  better  still,  B,  C  by  an  infinitely  thin  ideal 
tube  led  through  the  ponderable  particles.  The  refracted  light  will  pass 
through  the  tube  without  striking  against  its  sides,  even  when  the  medium 
is  moved  in  space  with  any  velocity  of  translation  whatever.  And  yet, 
in  'consequence  of  the  motion,  the  angle  of  incidence,  angle  of  refraction, 
and  ratio  of  refi-action  change. 

2  E  2 
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(21) 

If  the  penultimate  of  these  be  introduced  into  equation  (18), 
and  at  the  same  time  we  put  for  shortness 

r„(l  +  «)-  Ve'A'     r,(l+^)       Ve7;  "  '  ' 
the  equation  takes  the  following  definitive  form  : — 


m 


If,  finally,  we  epitomize  the  three  sums  as  A,  B,  C,  it  is 
written  more  brieflj", 

7i'2  =  (1  +  A)  cos^  a  +  (1  +  B)  cos-  6  +  (1  +  C)  cos^  c,  ^ 
1  _  cos-  a      cos-  h       cos-  c  _  >  (23) 

o--  (O]  ft)-  co^  J 

and   in  this    form    it   may   have  henceforth    to    replace    the 
"  second  "  or  Pllicker's  ellipsoid  (g),  the  expression  of  which 

has  hitherto  been 


r         a 


"With  the  ellipsoid  represented  by  equation  (23)  a  second  is 
then  associated,  represented  by 

1       cos^  «„       cos^  h^       cos^  Cn 


n^~  1  +  A  ^  1  +  B        1  +  C  I    .     .     (24) 

O)^  =  G>j  COS"  Qq  +  &)|  COS"  Iq  +  COg  COS^  Cq.   I 

This  may  take  the  place  of  what  has  hitherto  been  named  the 
first  or  reciprocal  ellipsoid  (E),  for  which  it  has  up  to  the  pre- 
sent been  assumed  that  r  cos  S  =  a). 

With  the  two  planes  mentioned  the  further  theory  of  double 
refraction  is,  as  is  known,  completely  traced. 

10.  Up  to  this  point  we  have  held  fast  to  the  special  case 
for  compound  meclia,  that  the  angle  l)etween  the  ray  and  the 
Avave-normal  has  the  same  value  for  all  the  individual  optico- 
chemical  elements  ;  we  can  now  drop  this  supposition.  Even 
with  the  most  common  composition  of  the  medium,  the  oscil- 
latory motion  about  a  point  of  it  will,  after  the  lapse  of  the 
time-unit,  have  advanced  as  far  as  to  a  perfectly  determined 
closed  plane.     To  a  determinate  radius  vector  of  the  same  cor- 
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responds  a  determinate  compatibility  on  the  part  of  the  aethe- 
real  and  corporeal  particles ;  and  the  resistance  called  forth  by 
the  presence  of  the  latter  now  comes  into  play  as  a  partial  com- 
ponent {ct]€i  cos  §1,  UciCi  cos  ^2)  hi  a  direction  {ci'^,  U^,  c\  ; 
^' w  ^"fiJ  ^'0)  depending  on  the  effective  molecular  quality. 
Here,  therefore,  afterwards  as  before,  S  denotes  the  angle  be- 
tween a  definite  compound  series  of  molecules  «,  h,  c,  resulting 
from  the  modification,  and  a  simple  constituent  thereof  in  its 
unmodified  position.  Hence  we  may,  and  must,  attribute  to 
one  and  the  same  ray  any  number  of  partial  normals  and  ex- 
citing partial  waves,  all  of  which  combine  into  a  resultant 
normal  and  wave  ;  and  this  resultant  is  obtained  when  we 
erect  on  the  corresponding  radius  of  our  direct  ellipsoid  a  tan- 
gential plane  and  let  ftill  a  perpendicular  upon  it.  The  plane 
determined  by  the  radiiis  vector  and  the  normal  is  then  the 
resultant  vibration-plane  ;  and  the  angle  A  between  them 
becomes  the  resultant  angle  between  the  ray  and  the  resultant 
normal ;  so  that  we  get 

ft)  =  (7  cos  A (25) 

If  now  the  various  kinds  of  mass-particles  are  modified  by 
the  partial  pressures  applied  in  identical  axial  directions,  or 
rather,  when  we  introduce  corresponding  molecular  forces,  if 
the  structure  constituted  by  the  individual  heterogeneous  ele- 
ments is  arranged  symmetrically  abovit  the  same  directions, 
this  corresponds  to  the  case  of  the  regular  system  of  crystals  ; 
but  does  it  consist  of  a  grouping  about  divergent  axial  direc- 
tions, then  we  have  what  is  called  tlie  dispersion  of  the  optical 
axes,  which  has  hitherto  seemed  to  mock  all  attempts  to  ex- 
plain it. 

11.  Let  us  now,  for  anisotropic  media  also,  turn  from  the 
moving  forces  to  the  vires  vivce.  For  this  purpose  let  us  con- 
struct the  plane  of  vibration  corresponding  to  a  determined 
colour  and  direction  of  the  ray,  and  in  it  a  parallelogram 
L  M  Is  0,  making  its  longer  side  0  L  parallel  to  the  ray  and 
equal  to  /',  giving  to  the  shorter  side  0  N  the  length 
(A  =  AqCos  A)  of  the  actual  amplitude  and  making  it  coincide 
with  the  direction  of  vibration  of  the  a3ther  particles,  so  that 
consequently  it  will  be  perpendicular  to  the  resultant  normal 
and  the  ang^le  L  0  N  be  equal  to  90°  +  A. 

Let  us  further  imagine  the  a^thereal  and  corporeal  particles 
situated  Avithin  it  brought  out  of  their  position  of  equilibrium 
into  an  extreme  position  such  as  would  correspond  to  a  wave 
characterized  by  A,  I' ,  and  somehow  kept  fixed  therein.  The 
elasticity  thereby  accumulated  is  again  the  same  as  if  the  cor- 
poreal particles  were  not  present.  If  the  medium  be  then  left 
to  itself,  the  jBther  particles  will  press  back  in  oblique  paths  of 
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the  leiifTth  A,  parallel  to  X  0,  towards  the  position  of  equili- 
brium, and  carry  with  them  the  corporeal  particles  in  paths 
the  equivalent  length  of  which  will  be  A^  If  for  the  position 
of  equilibrium  all  the  elasticity  is  transformed  into  vis  viva, 

A^  A'""^ 

this  resolves  itself  as  before  into  nif^  +'2m'y^- 

If,  on  the  other  hand,  in  pure  asther  the  same  initial  dis- 
placement is  produced  in  order  to  attain  the  same  elasticity, 
we  have,  in  order  that  we  may  replace  the  interfering  external 
force  by  a  wave-motion  of  the  same  amplitude  A  and  the  same 
deviation,  to  bring  the  above  parallelogram,  by  twisting  its 
sides,  into  the  form  of  a  rectangle,  and  also  to  shorten  its 
length  V  to  /,  while  I  must  be  made  =/'  cos  A.  The  maximum 
vis  viva  corresponding  to  this  displacement  is 

A2         A'   .      e  ,, 
mj^  =7nf^n-=  p  A". 

The  same  end,  however,  is  attained  by  displacing  the  aether 
particles  A^,  while  retaining  the  same  extent  I\  and  forming 
a  rectangle  out  of  A^  and  I'  instead  of  A  and  /.      It  is  pre- 

cisely  ^  A^=  yn  ^l-     Accordingly  we  get  the  coordinated  rela- 
tions : — 
m  A2  ,  y^'^'  A /2_  e  A2  .      „2_i  _  S/n'A^^ 


(26) 


-  A2ros2A+5-'^  V2-  ^   A2-      n'2-oo.-A-?'^' 

ip -a^ cos  A  +  2,  p  A   —jjTi-^Q}     'i   —COS  ZA—    ^^^^2 

The  first  two  have  the  same  fonn  as  those  of  isotropic  media  ; 
but  they  do  not  contain,  like  the  dispersion-formula  (22),  the 

velocity-ratio  ?2'=  —    and  the   corresponding   internal  wave- 
sin  e  {      v\ 
length?' (measured  on  the  rav),butthe  sine-ratio n=^^^ — (  =-  I 

and  the  wave-length  /  associated  with  it  (measured  on  the  nor- 
mal), and  lastly,  not  the  full  amplitude  of  the  aether  particles 
Aq  perpendicular  to  the  ray,  but  its  value  reduced  to  the  height 
of  descent  A  perpendicular  to  the  normal. 

This  law  of  the  actual  vires  viva  forms  therefore  the  com- 
plement to  the  expression  of  the  virtual  vires  vivce  in  equa- 
tion (18). 

[To  be  continued.] 
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LII.  Selective  Absorption.     By  William  Ackroyd*. 

AT  pi-esent  mucli  attention  is  being  paid  to  absorption- 
spectra  for  teclinological  as  well  as  purely  scientific 
reasons ;  but  in  the  absence  of  classification  and  of  a  general 
theory  accounting  for  the  facts  observed,  the  whole  subject  is 
surrounded  by  a  haze  which  it  were  well  for  progress  to  dispel. 
Much  perplexity  and  not  a  few  mistakes  have  arisen  from  the 
confusing  of  two  kinds  of  absorption,  or  at  least  two  different 
manifestations  of  the  same  phenomenon,  which  hitherto  have 
not  been  sufficiently  contradistinguished.  These  we  propose 
to  classify  on  the  basis  of  the  following  typical  experiments. 

1.  Light  is  transmitted  through  a  thin  layer  of  polassic  di- 
chromate  at  the  normal  temperature,  and  again  at  a  little  below 
its  fusing-point.  We  obtain  spectra  approximately  represented 
by  Nos.  1  &  2.     It  will  presently-  be  shown  that  this  increase 


J?        ^J^         J?  CB 


of  absorption  at  the  higher  temperature  is  the  result  of  struc- 
tural alterations  in  the  dichromate.  We  shall  therefore  call 
this  kind  of. absorption  structural  ahsorption. 

2.  A  glass  cell,  15  centims.  x  3  centims.,  contains  cupric 
sulphate  in  solution.  Light  sent  through  the  3-centims.  direc- 
tion gives  spectrum  No.  3,  whilst  light  transmitted  through 
the  15-centims.  direction  gives  spectrum  No  4.    We  have  here 

*  Communicated  by  the  Physical  Society. 
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increase  of  absorption  without  any  structural  alterations  in  the 
absorbing  nieJiuni ;  for  the  cupric  sulphate  remains  the  same 
during  the  two  observations,  and  the  temperature  is  unaltered. 
The  only  difference  is  one  of  extent  of  medium.  For  this 
kind  of  absorption  we  propose,  at  the  suggestion  of  Dr. 
Guthrie,  the  term  frannverse  absorption. 

Professor  Gladstone  *,  when  speaking  of  the  action  of  heat 
on  coloured  solutions,  thus  tacitly  refers  to  the  two  kinds  of 
absorption: — "The  elevation  of  temperature  seems  merely  to 
heighten  the  absorbent  power  of  the  dissolved  salt,  so  that 
light  absorbed  by  a  certain  quantity  of  the  heated  solution  is 
the  same  as  would  have  been  absorbed  by  a  larger  quantity  of 
the  same  solution  if  cold,"  Notwithstanding  this,  the  two 
kinds  of  absorption  seem  not  to  have  been  formally  separated  ; 
and  the  mixed  inferences  from  one  and  the  other  have  natu- 
rally produced  a  confusion  in  the  minds  of  students  which  has 
made  selective  absorption  a  subject  little  understood.  We 
shall  confine  our  observations  to  structural  absorption. 

Strnctitral  Ahsorpfion. — Alteration  of  structural  absorption 
upon  elevation  of  temperature  is,  as  a  rule,  obvious  to  the  eye 
as  a  change  of  colour.  This  colour-change,  for  which  I  have 
elsewhere  proposed  the  name  of  metachromatism,  has  been 
studied  by  Schonbein,  Gladstone,  Houston  and  Thompson, 
and,  lastly,  by  myself.  Many  theories  have  been  offered  to 
account  for  the  phenomenon  ;  these  were  discussed  in  my 
paper  on  Metachromatism  f,  read  before  the  Chemical  Society 
on  the  3rd  of  February  last. 

If  a  little  oxide  of  zinc  be  heated  strongly  on  a  piece  of 
white  porcelain,  it  changes  from  white  to  orange  and  yellow. 
Chromate  of  lead  treated  similarly  changes  from  orange  to 
deep  orange,  brick-red,  and  black-red.  These  bodies  quickly 
regain  their  original  colour  Avith  a  return  of  the  normal  tem- 
perature  ;  hence  one  might  suppose  that  the  chromate  of  lead, 
if  cooled  far  below  the  normal  temperature,  would  acquire  in 
succession  the  yellow  and  white  of  the  zinc  oxide,  thus  (in  the 
order  of  cooling) — black-red,  brick-red,  deep  orange,  orange, 
yellow,  and  white. 

Such  a  sequence  of  colour-change  is  exhibited  by  nitric  per- 
oxide ;  a  ruddy  vapour  at  the  normal  temperature,  it  becomes 
orange,  yellow,  and  below  zero  a  colourless  liquid.  From  a 
studv  of  such  metachromatic  facts  and  their  sequence  we  have 
arrived  at  the  folloAving  scale  of  change  : — 

*  Phil.  Mag.  [IV.]  vol.  xiv.  p.  423. 

t  Chemical  News,  vol.  xxxiv.  pp.  70,  77. 
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The  scale  may  be  illustrated  by  heating  the  following  anhy- 
drous bodies  on  white  porcelain.  Zinc  oxide  changes  from 
white  to  yellow  and  orange  :  metaborate  of  copper  from  blue 
to  green  and  yellowish  green  ;  baric  chromate  from  yellow  to 
orange  ;  mercuric  oxide  from  orange-yellow  to  orange,  red, 
and  brown  ;  potassic  dichromate,  red  to  dark  red  ;  trimanganic 
tetroxide,  reddish  brown  to  nearly  black  ;  and  cuprous  oxide 
glass  from  scarlet  to  dark  scarlet  and  black. 

Respecting  this  colour-change,  we  make  out: — (1)  that  it 
arises  from  increased  structural  absorption  with  eleyation  of 
temperature,  the  more  refrangible  increment  increasing  at  a 
greater  rate  than  the  less  refrangible ;  and  (2)  that  the  only 
necessary  concomitant  is  alteration  of  atomic  potentiality — a 
change  from  the  white  towards  the  black  end  of  the  meta- 
chromatic scale  signifyino-  atomic  recession,  and  a  chano^e 
from  the  black  towards  the  white  end,  atomic  approach. 

(1)  In  support  of  this  we  must  refer  to  the  bichromate  ex- 
periment. The  change  from  red  to  dark  red  yiewed  spectro- 
scopically  gives  spectra  Xos.  1  and  2. 

(2)  To  arrive  at  the  approximate  cause,  I  have  heated  colour- 
changing  bodies  in  various  media,  as  nitrogen,  carbonic  anhv- 
dride,  and  hydrogen,  the  result  of  which  has  been  to  show  that 
the  surrounding  medium  has  nothing  to  do  with  metachroma- 
tism.  The  phenomenon  is  exhibited  by  all  three  states  of 
matter — by  solids  (amorphous  and  crystalline),  by  liquids,  and 
by  gases  near  their  liquefyiug-points.  By  a  process  of  elimi- 
nation it  may  readily  be  seen  that  the  phenomenon  is  due  to 
the  reception  of  energy  from  the  heating  agent.  Now  of  this 
transferred  kinetic  energy  a  portion  is  converted  into  energy 
of  position.  In  the  metachronie  or  colour-changing  body  we 
have  therefore — 

i.  Kinetic  energy,  and  the  complementary 
ii.  Potential  energy.    This  energy  of  position  is  acquired  by 
a.  The  overcoming  of  cohesion  (molecular  recession  or 
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molar  expansion),  as,  e.  g.,  in  the  conversion  of  ice  into 
water,  and  water  into  steam,  xcork  which  is  accompanied 
bif  a  chamje  of  density. 
/3.  The  overcoming  of  chemical  attraction  (atomic  reces- 
sion or  molecular  expansion),  which  finally  ends  in  de- 
composition, as,  e.  g.,  in  the  resolution  of  PtCL  into 
^PtClo  and  CI2. 
I.  Now  metachromatism   is   not  confined   to  the  coloured 
bodies  one  meets  with  in  the  laboratory ;  for  many  anhydrous 
silicates    exhibit    colour-change,    and  in  some  the  change   is 
permanent  after  the  metachrome  has  been  subjected  to  a  high 
temperature.     This  is  shown  iu  the  following  Table*  in  each 
example  save  that  of  olivine. 

Density  before  .  /., 

iguition.  ^^^^"^  igmtion. 

1.  Oliviue Pii^tachio-green    .  .  3-380  Pist.-o-reen  .  .  3-378 

2.  Beryl Straw-vellow   2-097  Blue  " 2-007 

3.  Topaz    Shen-y' 3-530  Piuk 3-533 

4.  Zircon    ....  Brown 4515  "White 4-540 

5.  „         Aurora-red   4-803         Colourless    .  .  4-863 

If  we  might  assume  that  two  bodies  of  identical  chemical  cotn- 
position  and  densiti/  have  at  a  common  temperature  the  same 
amount  of  kinetic  energy,  then  it  is  evident  that  we  may  eli- 
minate kinetic  energy  from  the  list  of  possible  causes.  For,  to 
take  the  beryl  (2),  we  have  differences  of  colour  (that  is,  of 
structural  absorption)  at  a  common  temperature,  and  the  same 
iu  the  zircon  5,  without  alterations  of  density  or  chemical 
composition. 

The  behaviour  of  mercuric  iodide  is  perhaps  a  less  equivocal 
demonstration  of  this  point.  Examined  spectroscopically  at 
(say)  16°  C,  a  band  of  red  light  is  transmitted  extending 
from  B  to  D.  This  narrows  as  the  temperature  rises  (in  other 
words,  there  is  an  increase  of  structural  absorption),  up  to  about 
140"^  C.  The  band  of  transmitted  light  now  suddenly  widens 
and  extends  to  a  little  beyond  b.  Si)ectra  Nos.  5,  6,  and  7 
illustrate  this  change.  After  the  decrease  of  absor})tion  as 
represented  by  No.  7,  we  have  the  normal  increase  with  eleva- 
tion of  temperature;  but  still  at  220°  C.  there  is  not  so  much 
light  absorbed  as  there  was  at  10°  C.  Now  the  heat  or  kinetic 
energy  of  a  body  increases  with  elevation  of  temperature; 
therefore  the  deep  orange  HgL  at  220°  C.  has  more  kinetic 
energy  than  the  red  modification  at  1G°  C. ;  but  the  latter  has 
greater  structural  absorption.  The  rule  is  that  increase  of 
kinetic  energy  is  accompanied  by  increased  structural  absorp- 

*  Compiled  from  "Some  Experiments  on  the  Density  of  Garnet,  &c." 
(Church),  Chem.  Soc.  Joiu-u.  vol.  xvii.  pp.  380  &  415. 
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tiou.  In  the  beliaviour  of  mercuric  iodide  we  have  the  oppo- 
site of  this,  viz.  decrease  of  absorption  with  increase  of 
kinetic  energy,  whence  we  infer  that  the  change  of  absorption 
which  characterizes  metachromatisni  is  not  necessarily  accom- 
panied by  change  of  kinetic  energy. 

II.  Expansion  by  heat  (i.  e.  decrease  of  density)  is  an  all 
but  universal  law  so  far  as  we  at  present  know.  There  are 
several  exceptions,  however ;  and  many  of  these  are  among  the 
silicates.  Their  anomalous  behaviour  is,  as  a  rule,  pointed  out  by 
the  colour-change,  as  in  the  case  of  the  zircon.  But  there  may 
be  change  of  colour,  as  in  the  beryl,  without  alteration  of  den- 
sity, i.  e.  without  appreciable  molecular  approach  or  recession. 
On  the  other  hand,  Ave  have  in  olivine  an  example  of  change  of 
density  (molecular  recession)  without  a  corresponding  altera- 
tion of  colour.  More  facts  of  the  same  nature  might  readily 
be  adduced,  from  which  we  infer  that  molar  expansion  or  con- 
traction is  not  a  necessary  concomitant  of  alteration  of  struc- 
tural absorption.  We  have  now  excluded  from  our  list  of  pos- 
sible concomitants  i.  and  iia.  Hence  it  would  appear  that  ii;8 
is  the  only  necessary  concomitant — a  conclusion  which  receives 
strength  when  Ave  consider  that  the  gradual  increase  of  struc- 
tural absorption  in  such  bodies  as  HgO,  PtCli,  and  Cr2  O5  Kog 
terminates  Avith  their  resolution  into  loAver  compounds,  or  into 
their  constituent  elements. 

Relation  of  Colour  to  Density. — An  attempt  was  made  in 
1765  by  DelaA-al  to  show  the  connexion  between  colour  and 
(density.  In  a  paper  read  before  the  Royal  SocietA',  he  ob- 
serves *  : — ''  It  appears  from  XcAvton's  experiments  that  denser 
substances  ought  by  their  greater  reflective  poAver,  in  like  cir- 
cumstances, to  I'eflect  the  less  refrangible  rays,  and  that  sub- 
stances of  less  density  should  reflect  rays  proportionablv  more 
refrangible  and  thereby  appear  of  scA'eral  colours  in  the  order 
of  their  density."  The  seeming  success  of  this  attempt  is  per- 
haps due  to  the  comparative  nature  of  his  facts ;  for  he  com- 
pares coloured  glasses  of  each  of  the  f  olloAving  metals  in  the 
order  of  their  densities: — gold,  red;  lead,  orange;  sih-er,  yelloAv; 
copper,  green;  iron,  blue.  AVe  can  readily  see  noAV  the  error 
of  such  a  comparison ;  for  the  colour  of  glass  must  eAddently 
depend  upon  the  state  of  the  metal  in  it;  e.  g.  differently 
coloured  glasses  may  be  obtained  from  the  different  oxides  of 
the  same  metal.  To  take  an  instance,  whilst  the  cupric  oxide 
gives  a  bluish-green  glass,  we  kuoAv  that  the  cuprous  oxide 
gives  a  red  one.  Xevertheless  it  aa^II  be  obAdous  from  our 
foregoing  observations  that  it  is  possible  to  establish  a  con- 

*  P.hilosopMcal  Transactions,  vol.  Iv.  p.  10. 
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nexion  between  density  and  colour  as  due  to  structural  absorp- 
tion. Not,  however,  until  we  have  made  out  a  special  relation 
can  we  well  proceed  with  certainty  to  estaldish  a  comparative 
one ;  nor  will  this  special  relation  accord  with  Newton's  pre- 
diction. 

From  the  nature  of  metachromatism,  it  is  probable  that  in- 
crease or  decrease  of  interatomic  distance  will  in  most  cases  be 
accompanied  by  a  corresponding  alteration  of  molecular  inter- 
spaces. Hence  in  allotropes  we  shall  look  for  exactly  the  op- 
posite of  what  Delaval  sought  to  establish,  viz.  for  cold  colours 
with  great  density  and  warm  ones  with  low  density. 


Metachro- 
matic scale. 

Carbon.  :  Sulphur. 

Topaz. 

Titanic 
oxide. 

Zircon. 

Argentic 
iodide. 

Calcic 
fluoride. 

Black 

Graphite, 

Pink, 
3-533 

Yellow, 
3-539 

Brookite, 
4085 

Rutile, 
4-283 

Brown, 
4-515 

White, 
4-MO 

Dark  red, 
5-406 

Yellowish 
green,  5-681. 

Blue, 
3170 
White, 
3176 

Brown    

Red    

2-35 

Diamond, 
3-33 

Ductile, 
1-957 

Octahedral, 
205 

Orange  

Yellow    

Green 

Blue    

White  or   1 
Colourless  j 

The  fact  of  phosphorus  being  an  exception  does  not  militate 
ao-ainst  this  relation,  since  it  is  highly  probable  that  the  other 
anomalies  of  this  body  will  receive  elucidation  when  studied 
from  the  metachromatic  standpoint.  The  change  in  colour  of 
mercuric  iodide,  which  we  have  already  referred  to,  indicates 
atomic  approach ;  and  to  ascertain  whether  this  is  accompanied 
by  a  corresponding  molecular  inotion  and  consequent  change  of 
density  has  been  the  object  of  a  large  number  of  experiments. 
From  the  peculiar  difficulties  encountered,  however,  as  yet 
I  have  obtained  no  trustworthy  results. 

The  next  step  from  the  special  relation  we  have  pointed  out 
to  one  of  a  comparative  nature  would  seem  to  be  in  an  extension 
of  the  following  law  of  colour-sequence: — "  In  a  .series  of  anhy- 
drous binary  compounds  of  the  same  two  elements,  those  which 
have  the  highest  amount  of  the  basylous  element  exhibit  the 
least  structural  absorption;  and,  vice  versa,  those  which  have  the 
least  amount  of  the  basylous  element  have  the  most  structural 
absorption'"*. 

*  Chemical  News,  vol.  xxxiv.  p.  7G, 
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The  Five  Orders  of  Spectra. — In  the  borderland  between 
chemistry  and  physics,  data  are  being  accumulated  which  tend 
to  make  the  former  a  d^^lamical  science.  Not  the  least  im- 
portant of  these  data  are  those  which  furnish  us  with  the  con- 
nexion between  the  different  kinds  of  spectra.  Professor 
Eoscoe  is  of  opinion*  that  there  is  not  sufficient  evidence  as 
yet  to  support  the  sequence  in  the  five  orders  proposed  by 
Lockyerf  and  now  generally  received;  and  in  the  light  of 
metachromatism  it  may  be  necessary  to  modify  this  sequence. 
The  juxtaposition  of  the  orders  constituting  a  class  of  spectra 
we  take  to  be  founded  upon  that  merging  of  the  optical  cha- 
racters of  one  order  into  those  of  another  which  is  exhibited 
when  the  molecular  changes  in  the  radiating  or  absorbing  body 
cause  such  optical  alterations.  Kow  confining  our  attention 
to  low-temperature  or  absorption  spectra,  it  is  evident  from 
what  has  already  been  said  that  change  in  structural  absorp- 
tion alone  is  available  for  forming  a  sequence  of  orders.  Hence 
we  consider  the  fifth  order,  as  at  present  received,  misplaced, 
the  unique  continuous  absorption  being  from  the  nature  of  the 
experiment  a  transverse  absorptioual  effect. 

A  sequence  of  oi'ders  Avill  readily  suggest  itself  if  we  keep  in 
mind  that  change  in  absorption  to  which  metachromatism  is  due. 
Conceive  of  a  colourless  body  capable  of  undergoing  the  whole 
series  of  change.  It  first  reflects  or  transmits  rays  of  every 
refraugibility ;  as  absorption  increases,  the  band  of  transmitted 
or  reflected  light  gradually  narrows  and  becomes  less  intense; 
finally  the  field  is  darkened  and  we  get  continuous  absorption. 
What  we  propose,  then,  is  shown  in  the  following  comparison, 
made  in  order  that  the  student  may  have  a  clearer  conception 
of  the  matter. 

Now  received.  What  we  propose. 

1st  order    ....  Line  spectra    \      Class  I. 

2nd  order  ....  Channelled-space  spectra  J  Radiative. 

Class  n. 

Absorptive. 

1.  Continuous  absoi-ption. 

3rd  order    ....  Continuous  absorption  at  |  2.  Partial  absorption,  i.e.  ab- 

tbe  blue  end (       sorption  at  the  blue  and  red 

4th  order   ....  Continuous  absorption  at  i"      ends,  or  at  anv  intermediate 

the  red  end   j       part  of  the  spectrum. 

5tb  order  ....  Uniq  iie  continuous  absoiT)-  "1  .t    /-^     ^ 

.•  ^  ^    VA.  Continuous  spectrum. 

Class  II.  1,  2,  and  3  constitute  the  metachromatic  scale.  To 
illustrate  the  bridging  over  of  1   and  2   no  simpler  experi- 

*  Watts"s  Dictionary,  2ud  Supplement,  p.  1093. 
t  Proceedings  of  the  Royal  Society,  June  11,  1874. 
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meiit  could  be  tried  than  tlie  followincr.  Take  a  piece  of  cop- 
per Avire  and  cover  witli  suboxide  by  gently  heating  over  a 
Bunsen  burner.  Fuse  the  covered  wire  into  a  caj)illary  glass 
tube.  A  scarlet  glass  is  thus  obtained  which  is  black  wnilst 
hot,  i,  e.  exhibits  continuous  absorj)tion  (1),  and  scarlet  whilst 
cold,  exhil)iting  partial  absorption  (2).  2  and  3  are  bridged 
over  by  a  host  of  bodies  like  ZnO.  AVhen  hot  they,  as  a  rule, 
exhibit  absorption  at  the  blue  end  of  the  spectrum  (2),  but 
when  cold  they  are  white  or  colourless  (3). 

Respecting  the  merging  of  Class  I.  into  Class  II.  nothing 
much  at  present  can  be  said,  since  questions  are  involved 
which  require  further  investigation. 


LIII.    On  the  Resistance  of  Fliiids. 
By  Lord  Eayleigh,  F.R.S* 

[Plate  v.] 

THERE  is  no  part  of  hydrodynamics  more  perplexing  to 
the  student  than  that  which  treats  of  the  resistance  of 
fluids.  According  to  one  school  of  writers,  a  body  exposed  to 
a  stream  of  perfect  fluid  would  experience  no  resultant  force 
at  all,  any  augmentation  of  pressure  on  its  face  due  to  the 
stream  being  compensated  by  equal  and  opposite  pressures  on 
its  rear.  And  indeed  it  is  a  rigorous  consequence  of  the 
usual  hypotheses  of  perfect  fluidity  and  of  the  continuity  of 
the  motion,  that  the  resultant  of  the  fluid  pressures  reduces  to 
a  couple  tending  to  turn  the  broader  face  of  the  body  towards 
the  stream.  On  ^^  other  hand,  it  is  well  known  that  in  prac- 
tice an  obstacle  s  experience  a  force  tending  to  cany  it 
down  stream,  and  of  magnitude  too  great  to  be  the  direct 
effect  of  friction  ;  while  in  many  of  the  treatises  calculations 
of  resistances  are  given  leading  to  results  depending  on  the 
inertia  of  the  fluid  without  any  reference  to  friction. 

It  was  Helmholtz  who  flrst  pointed  out  that  there  is  nothing 
in  the  nature  of  a  perfect  fluid  to  forbid  a  finite  slij)ping  be- 
tween contiguous  layers,  and  that  the  possibility  of  such  an 
occurrence  is  not  taken  into  account  in  the  connnon  mathe- 
matical theory,  which  makes  the  fluid  flow  according  to  the 
same  laws  as  determine  the  motion  of  electricity  in  uniform 
conductors.  Moreover  the  electrical  law  of  flow  (as  it  may 
be  called  for  brevity)  would  make  the  velocity  infinite  at  every 
sharp  edge  encountered  by  the  fluid  ;  and  this  woiild  require  a 
negative  pressure  of  infinite  magnitude.     It  is  no  answer  to 

*  Communicated  by  the  Author,  having  been  communicated  in  sub- 
stance to  the  British  Association  at  Glasgow. 
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this  objection  that  a  mathematically  sharp  edge  is  an  impossi- 
bility, inasmuch  as  the  electrical  law  of  flow  would  require  ne- 
gative pressure  in  cases  where  the  edge  is  not  perfectly  sharp, 
as  may  be  readily  proved  from  the  theory-  of  the  simple  cir- 
cular vortex,  in  which  the  velocity  varies  inversely  as  the  dis- 
tance from  the  axis. 

The  application  of  these  ideas  to  the  problem  of  the  resist- 
ance of  a  stream  to  a  plane  lamina  immersed  transversely 
amounts  to  a  justification  of  the  older  theory  as  at  least  ap- 
proximately correct.  Behind  the  lamina  the  fluid  is  at  rest 
under  a  pressure  equal  to  that  which  prevails  at  a  distance, 
the  region  of  rest  being  bounded  by  a  surface  of  separation  or 
discontinuity  which  joins  the  lamina  tangentially,  and  is  deter- 
mined mathematically  by  the  condition  of  constant  pressure. 
On  the  anterior  surface  of  the  lamina  there  is  an  augmenta- 
tion of  pressure  corresponding  to  the  loss  of  velocity. 

The  relation  between  the  velocity  and  pressure  in  a  steady 
stream  of  incompressible  fluid  may  be  obtained  immediately 
by  considering  the  transference  of  energy  along  an  imaginary 
tube  bounded  by  stream-lines.  In  consequence  of  the  steadi- 
ness of  the  motion,  there  must  be  the  same  amount  of  energy 
transferred  in  a  given  time  across  any  one  section  of  the  tube 
as  across  any  other.  Kow  if  p  and  r  be  the  pressure  and  velo- 
city respectively  at  any  point,  and  p  be  the  density  of  the  fluid, 
the  energy  corresponding  to  the  passage  of  the  unit  of  volmne 
is  j9  +  ^pv^,  of  which  the  first  term  represents  potential,  and 
the  second  kinetic  energy ;  and  thus  p  +  ^pv'^  must  retain  the 
same  value  at  all  points  of  the  same  stream-line.  It  is  further 
true,  though  not  required  for  our  present  purpose  or  to  be 
proved  so  simply,  that  p  +  i/oi'^  retains  a  constant  value  not 
merely  on  the  same  stream-line,  but  also  when  we  pass  from 
one  stream-line  to  another,  provided  that  the  fluid  flows 
throughout  the  region  considered  in  accordance  with  the  elec- 
trical law. 

If  n  be  the  velocity  of  the  stream,  the  increment  of  pressure 
due  to  the  l^ss  of  velocity  is  2P^^^~2P^'\  ^^'^  <^^^  never  exceed 
^pu'^,  which  value  corresponds  to  a  place  of  rest  where  the 
whole  of  the  energy,  originally  kinetic,  has  become  poten- 
tial. The  old  theory  of  resistances  went  on  the  assump- 
tion that  the  velocity  of  the  stream  was  destroyed  over  the 
whole  of  the  anterior  face  of  the  lamina,  and  therefore  led 
to  the  conclusion  that  the  resistance  amounted  to  ^prr  for 
each  unit  of  area  exposed.  It  is  e-sndent  at  once  that  this  is 
an  overestimate,  since  it  is  only  near  the  middle  of  the  ante- 
rior face  that  the  fluid  is  approximately  at  rest ;  towards  the 
edge  of  the  lamina  the  fluid  moves  outwards  with  no  inconsi- 
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derable  velocity,  and  at  the  edge  itself  retains  the  full  velocity 
of  the  original  stream.  Nevertheless  the  amount  of  error  in- 
volved in  the  theory  referred  to  is  not  great,  as  appears  from 
the  result  of  Kirchhotf"s  calculation  of  the  Ciise  of  two  dimen- 
sions, from  which  it  follows  that  the  resistance  per  unit  of  area 

is  '. pu"^  instead  of  Apw^. 

It  is  worthy  of  notice  that  by  a  slight  modification  of  the 
conditions  of  the  problem  the  estimate  ^pir  may  be  made  ac- 
curate. For  this  purpose  the  lamina  is  replaced  by  the  bottom 
of  a  box-shaped  vessel,  whose  sides  project  in  the  direction 
from  which  the  stream  is  flowing,  and  are  suificiently  extended 
to  cause  approximate  quiescence  over  the  whole  of  the  bottom 
(Plate  V.  fig.  1).  In  the  absence  of  friction,  the  sides 
themselves  do  not  contribute  any  thing  to  the  resistance.  It 
appears  from  this  argument  that  the  increase  of  resistance 
due  to  concavity  can  never  exceed  a  very  moderate  value. 

Although  not  very  closely  connected  with  the  principal  sub- 
ject of  this  communication,  it  may  be  well  to  state  the  corre- 
sponding result  in  the  case  of  a  compressible  fluid  such  as  air. 
If  Pq  be  the  normal  pressure  in  the  stream,  a  the  velocity  of 
sound  corresponding  to  the  general  temperature,  7  the  ratio 
of  the  two  specific  heats,  ipir  is  replaced  bv 

which  gives  the  resistance  per  unit  of  area.  The  compression 
is  supposed  (as  in  the  theory  of  sound)  to  take  place  without 
loss  of  heat ;  and  the  numerical  value  of  7  is  1*-108. 

When  11  is  small  in  comparison  with  a,  the  resistance  fol- 
lows the  same  law  as  if  the  fluid  Avere  incompressible  ;  but  in 
the  case  of  greater  velocities  the  resistance  increases  more  ra- 
pidly.  The  resistance  to  a  meteor  movmg  at  speeds  compa- 
rable Avith  20  miles  per  second  must  be  enormous,  as  also 
the  rise  of  temperature  due  to  compression  of  the  air.  In 
fact  it  seems  quite  unnecessary  to  appeal  to  friction  in  order 
to  explain  the  phenomena  of  light  and  heat  attending  the 
entrance  of  a  meteor  into  the  earth's  atmosphere. 

But  although  the  old  theory  of  resistance  was  not  very 
wide  of  the  mark  in  its  application  to  the  case  of  a  lamina 
against  which  a  stream  impinges  directly,  the  same  cannot 
be  said  of  the  Avay  in  Avhich  the  influence  of  obliquity  Avas 
estimated.  It  Avas  argued  that  iuasnmch  as  a  lamina  moA-ed 
edgeways  through  still  fluid  Avould  create  no  disturbance  (in 
the  absence  of  friction),  such  an  edgCAvays  motion  would  pro- 
duce no  alteration  in  the  resistance  due  to  a  stream  perpendi- 
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cular  to  the  plane  of  the  lamina  ;  and  from  this  it  would  follow 
that  when  a  lamina  is  exposed  to  an  oblique  stream,  the  resist- 
ance experienced  would  be  that  calculated  from  the  same  for- 
mula as  before,  on  the  understanding  that  u  now  represents  the 
perpendicular  component  of  the  actual  velocity  of  the  stream. 
Or  if  the  actual  velocity  of  the  stream  be  Y,  and  a  denote  the 
angle  between  the  direction  of  the  stream  and  the  lamina,  the 
resistance  would  be  per  unit  of  area 

i/jY^^sm^a (1) 

This  force  acts  of  course  perpendicularly  to  the  plane  of  the 
lamina  ;  the  component  down  the  current  is 

ipY^sin^a (2) 

The  argument  by  which  this  result  is  obtained,  however,  is 
quite  worthless  ;  and  the  law  of  the  squares  of  the  sines  ex- 
pressed in  (1)  is  known  to  practical  men  to  be  very  wide  of 
the  mark,  especially  for  small  values  of  a.  The  resistance 
at  high  obliquities  is  much  greater  than  (1)  would  make  it, 
being  more  nearly  in  proportion  to  the  first  jDower  of  sin  a 
than  to  the  square. 

As  a  proof  that  an  edgeways  motion  of  an  elongated  body 
through  water  is  not  without  influence  on  the  force  necessary 
to  move  it  with  a  given  speed  broadways,  Mr.  Froude  savs  *, 
"  Thus  when  a  vessel  was  working  to  windward,  immediately 
after  she  had  tacked  and  before  she  had  gathered  headwav,  it 
was  plainly  visible,  and  it  was  kno^^'n  to  every  sailor,  that  her 
leeway  was  much  more  rapid  than  after  she  had  beo-un  to 
gather  headway.  The  more  rapid  her  headway  became,  the 
slower  became  the  lee-drift,  not  merely  relatively  slower,  but 
absolutely  slower." 

"Again,  any  one  might  obtain  conclusive  proof  of  the  exist>- 
ence  of  this  increase  of  pressure  occasioned  bv  the  introduc- 
tion of  the  edgeways  component  of  motion,  who  would  trv  the 
follo"sving  simple  experiment.  Let  him  stand  in  a  boat  movino- 
through  the  water,  and,  taking  an  oar  in  his  hand,  let  him 
dip  the  blade  vertically  into  the  water  alongside  the  boat,  pre- 
senting its  face  nonnally  to  the  line  of  the  boat's  motion,  hold- 
ing the  plane  steady  in  that  position,  and  let  him  estimate  the 
pressure  of  the  water  on  the  blade  by  the  muscular  eflbrt 
required  to  overcome  it.  Y'hen  he  has  consciously  appre- 
ciated this,  let  him  begin  to  sway  the  blade  edgewavs  like  a 
pendulum,  and  he  will  at  once  exj^erience  a  verv  sensible 
increase  of  pressure.      And  if  the  edgeways  sweep  thus  as_ 

*  Proceedings  of  the  Society  of  Civil  Engineers,  vol.  xxxii.,  in  a  discus- 
sion on  a  paper  by  Sir  F.  Knowles  on  the  Screw  Propeller. 
Phil.  Mag.  S.  5.  Yol.  2.  Xo.  13.  Dec.  1876.         2  F 
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signed  to  the  blade  is  considerable  and  is  performed  rapidly, 
the  greatness  of  the  increase  in  the  pressure  will  be  asto- 
nishing until  its  true  meaning  has  been  realized.  Utilizing 
this  proposition,  many  boatmen,  when  rowing  a  heavy  boat 
■with  narrow-bladed  oars,  were  in  the  habit  of  alternately  raising 
and  lowering  the  hand  with  a  reciprocating  motion,  so  as  to 
give  an  oscillatory  dip  to  the  blade  during  each  stroke,  and 
thus  obtained  an  equally  vigorous  reaction  from  the  water  with 
a  greatly  reduced  slip  or  sternward  motion  of  the  blade." 

It  is  not  difficult  to  see  that  in  the  case  of  obliquity  we 
have  to  do  with  the  whole  velocity  of  the  current,  and  not 
merely  with  the  resolved  part.  Behind  the  lamina  there 
must  be  a  region  of  dead  water  bounded  by  a  surface  of  dis- 
continuity, within  which  the  pressure  is  the  same  as  if  there 
were  no  obstacle.  On  the  front  face  of  the  lamina  there  must 
be  an  augmentation  of  pressure,  vanishing  at  the  edges  and 
increasing  inwards  to  a  maxinmm  at  the  point  where  the 
stream  divides.  At  this  point  the  pressure  is  ^pV^,  corre- 
sponding to  the  loss  of  the  whole  velocity  of  the  stream.  It 
is  true  that  the  maximum  pressure  prevails  over  only  an  infi- 
nitely small  fraction  of  the  area ;  but  the  same  may  be  said 
even  when  the  incidence  of  the  stream  is  perpendicular. 

The  exact  solution  of  the  problem  in  the  case  of  two  dimen- 
sions which  covers  almost  all  the  points  of  practical  interest, 
can  be  obtained  by  the  analytical  method  of  Helmholtz  and 
Kirchhofi^*.  If  an  elongated  blade  be  held  vertically  in  a 
horizontal  stream,  so  that  the  angle  between  the  plane  of  the 
blade  and  the  stream  is  a,  the  mean  pressure  is 

-py', (3) 


4  +  7r; 

varying,  when  «  is  small,  as  sin  «,  and  not  as  sin^a.  The 
proof  will  be  found  at  the  end  of  the  present  paper. 

The  fact  that  the  resistance  to  the  broadways  motion  of 
a  lamina  through  still  fluid  can  be  increased  enormously  by 
the  superposition  of  an  edgeways  motion  is  of  great  interest. 
For  example,  it  will  be  found  to  be  of  vital  importance  in 
the  problem  of  artificial  flight. 

According  to  the  old  theoiy  the  component  of  resistance 
transverse  to  the  stream  varied  as  sin^  «  cos  a ,  and  attained  its 
maximum  for  «  =  55°  nearly.     The  substitution  of  expression 

*  _Formulae_  (3)  and  (4)  were  given  at  the  Glasgow  Meeting  of  tlie 
British  Association.  I  was  then  only  acquainted  with  Kirchhofl's  "  Vor- 
lesungen  liber  mathematische  Physik,"  and  was  not  aware  that  the  case 
of  an  oblique  stream  had  been  coiisidered  by  him  ( Crelle,  Bd.  70,  1869). 
However,  Kjrchhoff  has  not  calculated  the  forces  j  so  that  the  formulse  ai-e 
new. 


Lord  Rayleigh  o?i  the  Resistance  of  Fluids.  435 

(3)  for  sin^  a  ■^^•ill  materially  modify  the  angle  at  which  the 
transverse  force  is  greatest.  The  quantity  to  be  made  a  maxi- 
mum is 

sin  a  cos  a  ^ 

4-f  TTsin  a' 

and  the  value  of  a  for  which  the  maximum  is  attained  is  «  =  39° 
nearly,  being  considerably  less  than  according  to  the  old  theory, 
on  account  of  the  increased  value  of  the  normal  pressure  at 
high  obliquities. 

The  pi'essure,  whose  mean  amount  is  given  in  (3),  is  far 
from  symmetricalty  distributed  over  the  breadth  of  the  blade, 
as  might  be  anticipated  from  the  fact  that  the  region  of  maxi- 
mum pressure,  where  the  stream  divides,  is  evidently  nearer 
to  the  anterior  or  up-stream  edge.  If  the  breadth  of  the  blade 
be  called  I,  the  distance  (^■)  of  the  centre  of  pressure,  reckoned 
from  the  middle,  is 

3  cos  a  I  ... 

X=   7-, -. (4) 

4  4  +  7rsma  ^ 

If  the  blade  be  pivoted  so  as  to  be  free  to  turn  about  an 
axis  parallel  to  its  edges,  (4)  gives  the  position  of  the  axis  cor- 
responding to  any  angle  of  inclination  «.  Ifa  =  90°,  x-=0, 
as  is  evident  from  symmetry.  As  a  diminishes,  the  corre- 
sponding value  of  .r  increases  and  reaches  a  maximum,  viz. 
3 

-7;  I,  when  a  =:  0.  The  axis  then  di"v-ides  the  breadth  of  the 
lb 

blade  in  the  ratio  11  :  5. 

These  results  may  be  stated  in  another  form  as  follows.  If 
the  axis  of  suspension  divide  the  width  in  a  more  extreme 
ratio  than  11:5,  there  is  but  one  position  of  stable  equilibrium, 
that  namely  in  which  the  blade  is  parallel  to  the  stream  with 
the  narrower  portion  directed  upwards.  If  the  axis  be  situ- 
ated exactly  at  the  point  which  divides  the  width  in  the  ratio 
11  :  5,  this  position  becomes  neutral,  in  the  sense  that  for  small 
displacements  the  force  of  restitution  is  of  the  second  order, 
but  the  equilibrium  is  really  stable.  When  the  axis  is  still 
nearer  the  centre  of  tigure,  the  position  parallel  to  the  stream 
becomes  unstable,  and  is  replaced  by  two  inclined  positions 
given  by  (4),  making  with  the  stream  equal  angles,  which 
increase  from  zero  to  a  right  angle  as  the  axis  moves  in 
towards  the  centre.  With  the  centre  line  itself  for  axis,  the 
lamina  can  only  remain  at  rest  when  transverse  to  the  stream, 
though  of  course  ^^-ith  either  face  turned  upwards. 

The  fact,  rather  paradoxical  to  the  uninitiated,  that  a  blade 
free  to  turn  about  its  centre  Ime  sets  itself  transversel v,  may  be 

2F2 
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easily  proved  l)v  experiment.  For  this  purpose  it  is  sufficient  to 
take  a  piece  oftliin  brass  plate  shaped  as  in  the  figure  (Plate  V. 
tig.  2),  and  mount  it  -with  its  points  Ix-aring  in  two  small  in- 
dentations in  a  U-shaped  strip  of  thicker  plate,  easily  made  by 
striking  the  strip  with  a  conically  pointed  jtiece  of  steel  driven 
by  the  hammer.  When  this  little  apjnxratus  is  moved  through 
the  water,  the  movable  piece  at  once  sets  itself  across  the  direc- 
tion of  motion.  The  same  result  may  be  observed  when  the  ap- 
paratus is  exposed  to  the  wind  ;  but  in  this  case  an  unexpected 
phenomenon  often  masks  the  stability  of  the  transverse  position. 
It  is  found  that  when  the  plate  is  set  rotating,  the  force  of 
the  wind  will  maintain  or  accelerate  the  motion.  This  effect 
might  be  supposed  to  be  due  to  a  want  of  symmetry,  were  it 
not  that  the  rotation  occurs  in  either  direction.  It  is  evi- 
dently connected  vnih  the  disturbance  of  the  fluid  due  to  the 
motion  of  rotation,  and  is  not  covered  by  the  calculation  lead- 
ing to  formula  (4),  which  refers  to  the  forces  experienced 
when  the  blade  is  at  re^t  in  any  position. 

I  am  not  aware  of  any  experimental  measurements  with 
which  (4)  could  be  compared ;  but  the  result  that  the  equili- 
brium parallel  to  the  stream  is  indiiFerent  when  the  axis  is 
situated  in  the  position  defined  by  the  ratio  11  :  5,  is  in  agree- 
ment with  the  construction  of  balanced  rudders,  of  which  the 
front  part  is  usually  made  of  about  one  half  the  width  of  the 
hinder  part. 

The  accompanying  Table  contains  some  numerical  examples 
of  the  general  formulae.  The  first  column  gives  the  angle  be- 
tween the  lamina  and  stream,  the  second  the  value  of  sin^  a, 
to  which,  on  the  old  theory,  the  resistance  should  be  propor- 
tional ;  the  third  column  is  derived  from  some  experiments  by 
Vince  on  water,  published  in  the  '  Philosophical  Transactions  ' 
for  1798. 


a. 
90 

sin-  a. 

Vince. 

Bina(4  +  7r) 
4  +  T  sin  a  ' 

3  cos  a, 

4  4  +  TT  sin  a 

1-0000 

1000 

roooo 

•0000 

•5000 

70 

•8830 

•974 

•i!652 

•0369 

•2676 

50 

•5868 

•873 

•8537 

•0752 

•0981 

30 

•2500 

•663 

•6411 

•1166 

•0173 

20 

•1)70 

•458 

•4814 

•1389 

•0040 

10 

■0302 

•278 

•2728 

•1625 

•0004 

The  quantity  directly  measured  by  Vince  was  the  resolved  part 
of  the  resistance  in  the  direction  of  the  stream,  from  which  the 
tabulated  number  is  derived  by  division  by  sin  a.  The  fourth 
cohimn  represents  the  law  of  resistance  according  to  the  for- 
mula now  proposed,  a  factor  being  introduced  so  as  to  make 
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the  maximum  value  unity.  Tlie  fifth  column  gives  the  distance 
between  the  centre  of  pressure  and  the  middle  line  of  the  blade, 
expressed  as  a  fraction  of  the  total  width.  The  sixth  column 
is  the  A'alue  of 

2(1  —  2  cos  a  +  COS''  a)  +  a  sin  a. 
4  4-  TT  sin  a 

which  is  the  distance  from  the  anterior  edge  of  the  point  where 
the  stream  divides,  and  where  accordingly  the  pressure  attains 
its  greatest  value.  It  will  be  seen  that,  as  might  be  expected, 
this  distance  becomes  small  at  moderate  obliquities. 

The  result  of  Yince's  experiments  agrees  with  theory  re- 
markably well ;  and  the  contrast  with  sin^  a  is  especially  worthy 
of  note.  The  experiments  were  made  with  a  whirling  machine, 
and  appear  to  have  been  carefully  conducted  ;  but  they  were 
on  too  small  a  scale  to  be  quite  satisfactory.  The  subject 
mi^ht  now  be  resumed  with  advantaore. 

From  theory  it  would  appear  that  any  part  of  the  region  of 
dead  water  behind  the  lamina  might  be  filled  up  with  solid 
matter  without  in  any  way  disturbing  the  motion  or  altering 
the  resistance  ;  but  in  practice  with  actual  fluids  this  state- 
ment must  not  be  taken  without  qualification.  If  the  boundary 
of  the  solid  approach  too  nearly  the  natural  position  of  the  sur- 
face of  separation,  the  intervening  fluid  appears  to  be  sucked 
out  until  the  lines  of  flow  follow  the  surface  of  the  obstacle. 
This  is  the  state  of  things  aimed  at,  and  approximately  attained, 
in  well-designed  ships,  round  which  the  water  flows  nearly 
accordino-  to  the  electrical  law.  The  resistance  is  then  of  an 
entirely  altered  character,  and  depends  only  upon  the  friction 
against  the  skin. 

It  was  observed  by  Sir  William  Thomson  at  Grlasgow,  that 
motions  involving  a  suriiice  of  separation  are  unstable.  This 
is  no  doubt  the  case,  and  is  true  even  of  a  parallel  jet  moving 
with  uniform  velocity.  If  from  any  cause  a  slight  swelling 
occurs  at  any  point  of  the  surface,  an  increase  of  pressure  ensues 
tending  not  to  correct  but  to  aucrment  the  irregularitv.  I  had 
occasion  myself  to  refer  to  a  case  of  this  kind  in  a  paper  on 
Waves,  published  in  the  '  Philosophical  Magazine  '  for  April 
1876.  But  it  may  be  doubted  whether  the  calculations  of 
resistance  are  materially  affected  by  this  circumstance,  as  the 
pressures  experienced  must  be  nearly  independent  of  what 
happens  at  some  distance  in  the  rear  of  the  obstacle,  where  the 
instability  would  first  begin  to  manifest  itself. 

The  formula  proposed  in  the  present  paper  are  also  liable 
to  a  certain  amount  of  modification  from  friction  which  it 
would  be  difficult  to  estimate  beforehand,  hut  which  cannot  be 
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very  considerable,  if  the  experiments  of  Vince  are  to  be  at  all 
relied  on. 


In  the  following  analysis  0  and  -i/r  are  the  potential  and 
stream  functions,  z  =  x-'dij,  co  =  (f)  +  i-\jr ;  and  it  is  known  that 
the  general  conditions  of  fluid  motion  in  two  dimensions  are 
satisfied  by  taking  z  as  an  arbitrary  function  of  to.     If 

^  =  K=p{cose  +  isme),       ...     (A) 

Kirclihoff  shows  that  ^  represents  the  yelocity  of  the  steam  at 
any  point,  with  the  exception  that  its  modulus  p  is  proportional 
to  the  reciprocal  of  the  velocity  instead  of  to  the  velocity  itself. 
If  the  general  velocity  of  the  stream  be  unity,  the  condition 
to  be  satisfied  along  a  surface  of  separation  bounding  a  region 
of  dead  water  is  p=l.  The  value  of  yjr  nmst  of  course  also 
preserve  a  constant  value  along  the  same  surface. 
The  form  of  ^  applicable  to  the  present  problem  is 

When  CO  =  CO  , 

^=  cos  «  —  i  sina. 

The  surface  of  separation  corresponds  to  '^  =  0,  for  which 
value  of  yjr  0)  becomes  real ;  and  the  point  at  which  the  stream 
divides  corresponds  to  (o  =  0,  for  which  ^=  x) .     For  ■>|r  =  0 

and  real  values  of  cos«H —    less  than  unity,  p=l.     This 

portion  therefore  corresponds  to  the  surface  of  separation,  for 

which  the  pressure  is  constant.    When  cos  a  -\ is  real  and 

greater  than  unity,  f  is  real,  indicating  that  the  direction  of 
motion  is  parallel  to  the  axis  of  .v.  This  part  corresponds  to 
the  anterior  face  of  the  lamina. 

The  augmentation  of  pressure  at  any  point  is  represented 

by  ^  ( 1 2  )j  if  the  density  of  the  fluid  be  taken  as  unity; 

and  thus  the  whole  resistance  is  measured  by  the  integral 


JK'-7)'"' 


if  dl  represents  an  element  of  the  width  of  the  lamina.    Kirch- 
hoff"  shows  how  to  change  the  variable  of  integration  from  I 

to  o).     The  velocity  of  the  fluid  is  -^,  or,  since  ^jr  is  here  zero, 
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~jj-.     Thus,  since  ^is  real,  ±^=p=  -z—  ;  and  therefore  the  in- 
tegral  may  be  replaced  by 

J±Kf-?)""'  •■•••(c) 

in  which  all  the  elements  are  to  be  taken  positive. 
From  the  form  of  ^  in  (B),  it  appears  that 

The  width  of  the  lamina  I  \^  \  ^dco,  where  the  limits  of  integra- 
tion are  such  as  make 

1 

cosaH =  ±1. 

The  integration  may  be  eflPected  by  the  introduction  of  a  new 
variable  /8,  where 

/3=sin"a\/&) — cosa, 

and  the  limits  for  ^  are  ±1.     Thus 

f/  1   \  ,        /S^cosa        2/S 

1  I  cos  a  H —  I  day  =  -^ h  -^-i f-  const. ; 

J  \  s/co/  sm  a        sm  a 

and  therefore  between  the  limits  ±:  1  we  have 

4-f-  sin*  a. 

The  second  part  of  ^  may   be  written    \/l— yS^-^  sina  v «, 
giving  the  integral 


J. 


\/l  — /3'=       .   o         +     .   o  ^  +  const. 


sm  U'^  CO  sin  a  sm"* « 

Thus  the  complete  value  of  z  between  the  limits,  or  /,  is 

7-      ^       ,       TT      _4  +  7rsina 

sm  a      sm"*  a  sm  a.  ^    ^ 

By  (C)  and  (D)  the  whole  pressure  on  the  lamina  is  repre- 
sented by  the  second  part  of  I  in  (E),  or  7r-=-  sin^a  ;  so  that 
the  mean  pressure  is 

TT      _  4  +  TT  sin  a  _     TT  sin  a 

sin"^  a   ■        sin*  a       ~~  4  +  tt  sin  « 

as  was  to  be  proved. 

Again,  the  elementary  moment  of  pressure  about  ^=0  is 


IH) 


da)  .z= ^-3 z  dp. 
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Now  if  tlie  arbitrary  constant  be  taken  suitably,  the  complete 
value  of  z  is 

.=  /3''cos«  +  2y5      /3N/i^^+sin-'/3 
sin*  a  sin'*  a 

The  odd  terms  in  z  will  contribute  nothinir  to  the  integral ;  and 
therefore  we  may  take  for  the  moment  of  pressure  about  2: =0, 

'"^*2\/l— /3'^     /S^cosa  ,/^         TT         cos  a 


r 


sura  sin*«  sin^  a    4  sin*  a* 

In  this  result  the  first  factor  represents  the  total  pressure,  and 
therefore  .  ^  expresses  the  distance  of  the  centre  of  pres- 
sure from  the  point  z=0.     With  the  same  origin  the  value  of 

z  for  the  middle  of  the  lamina  is     .  ',     :  and  thus  the  displace- 

sni  a  ^ 

ment  of  the  centre  of  pressure  from  the  middle  of  the  lamina  is 

3  cos  « 

4  sin*  a 

This  distance  must  now  be  expressed  in  terms  of  I  or 

4  +  TT  sin  «-r-  sin^  a, 
which  gives  as  the  final  result, 

3  cos  a. .  I 

4  4  +  TT  sin  « 

The  negative  sign  indicates  that  the  centre  of  pressure  is  on 
the  upstream  side  of  the  middle  point. 

As  to  the  form  of  the  surface  of  separation,  its  intrinsic 
equation  is  given  at  once  by  the  value  of  ^  in  terms  of  w.  The 
real  part  of  ^is  cos  ^  (since  /o=l),  where  6  is  the  angle  be- 
tween the  tangent  at  any  point  and  the  plane  of  the  lamina. 
Along  the  surface  of  separation  w  is  identical  with  <j>,  and 

-r^  =  l.  Thus  if  s  be  the  length  of  the  arc  of  either  branch 
ds  '^ 

measured  from  the  point  where  it  joins  the  lamina,  the  intrinsic 

equation  is 

/)  1 

cosc/=cos«±  , 

V  5  +  C 

and  the  constant  is  to  be  determined  by  the  condition  that 

dx 
s  =  0  when  cos  6=±1.    Since  cos  0=  -^,  the  relation  between 

«*• 

.r  and  s  is  readily  obtained  on  integration  ;  but  the  relation 

between  ?/  and  s  is  more  complicated. 
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In  the  case  of  perpendicular  incidence  cosa  =  0,  c=\,  so 
that 

cos  6=±  — =j 
\/s  +  l 

giving  on  integration 

.1'  =  2  \/  s  + 1  +  const. 

It  appears  that  the  value  of  x  does  not  approach  a  finite  limit 
as  6  increases  indefinitely. 


LIV.  Xotes  on  Hydrodynamics . 
By  LoED  Ratleigh,  F.R.S* 

[Plate  v.] 

The  Contracted  Vein. 

THE  contraction  of  a  jet  of  fluid  in  escaping  from  a  higher 
to  a  lower  pressure  through  a  hole  in  a  thin  plate  has 
been  the  subject  of  much  controversy.  Of  late  years  it  has 
been  placed  in  a  much  clearer  light  by  a  direct  application  of 
the  principle  of  momentum  to  the  circumstances  of  the  problem 
by  Messrs.  Hanlon  and  Maxwell  f  among  others. 

For  the  sake  of  siniplicit)'  the  Kquid  will  be  supposed  to  be 
unacted  upon  by  gravity,  and  to  be  expelled  from  the  vessel 
by  the  force  of  compressed  air  through  a  hole  of  area  cr  in  a 
thin  plane  plate  forming  part  of  the  sides  of  the  vessel.  After 
passing  the  hole  the  jet  contracts,  and  at  a  little  distance 
assumes  the  form  of  a  cylindrical  bar  of  reduced  area  </.  The 
ratio  </  :  o"  is  called  the  coefficient  of  contraction. 

The  velocity  acquired  by  the  fluid  in  escaping  from  the 
pressure  p  is  determined,  in  the  absence  of  friction,  by  the 
principle  of  energy  alone.  If  the  density  of  the  fluid  be  unity, 
and  the  acquired  velocitv  r, 

\-^=2p.     ........     (1) 

The  product  of  v,  as  given  by  (1),  and  a  is  sometimes,  though 
veiy  improperly,  called  the  theoretfcal  discharge  ;  and  it  dif- 
fers from  the  true  discharge  for  two  reasons.  In  the  first 
place,  the  velocity  of  the  fluid  is  not  equal  to  v  over  the  whole 
of  the  area  of  the  orifice.  At  the  edge,  where  the  jet  is  free, 
the  velocity  is  indeed  v ;  but  in  the  interior  of  the  jet  the 
pressure  is  above  atmosphere,  and  therefore  the  velocity  less 
than  V.  And,  secondly,  it  is  evident  that  the  quantity  of  fluid 
passing  the  orifice  depends,  not  upon  the  whole  velocity  with 

*  Communicated  bv  the  Author. 

t  Proceedings  of  the  Mathematical  Society,  November  11,  1869, 
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which  the  fluid  may  be  movintr  at  any  point,  but  upon  the 
resolved  part  of  this  velocity  in  a  direction  perpendicular  to 
the  plane  of  the  orifice.  Thus  it  is  only  in  the  middle  of  the 
jet  that  the  whole  velocity  is  efficient ;  near  the  edge  the  mo- 
tion is  tangential ;  and  consequently  this  part  contributes  but 
little  to  the  discharge.  It  is  certain  that  the  discharge  will  be 
considerably  Jess  tiian  va,  or,  which  is  the  same  thing,  that 
the  jet  must  undergo  considerable  contraction  before  the  liquid 
composing  it  can  move  in  parallel  lines  with  uniform  velocity  v. 
Since  the  actual  discharge  is  <t'v,  the  quantity  of  momentum 
passing  away  with  the  jet  in  unit  time  is  </r-,  and  the  force 
generating  this  momentum  is  that  necessary  to  hold  the  vessel 
at  rest.  If  the  whole  of  the  interior  surface  of  the  vessel  were 
subject  to  the  pressure  p,  this  force  would  have  no  existence. 
On  account  of  the  orifice  the  equilibrium  of  internal  pressures 
is  disturbed  and  a  force  per  is  uncompensated.  But  this  is  not 
all.  Not  only  is  the  pressure  that  would  have  acted  over  the 
area  of  the  orifice  wanting,  but  there  is  also  a  relief  of  pres- 
sure on  the  surface  surromiding  the  orifice  corresponding  to 
the  velocity  with  which  the  fluid  there  moves.  The  uncom- 
pensated force  tending  to  produce  recoil  may  therefore  be 
represented  by  (cr  +  Scr)/),  where  ha  is  a  small  positive  quan- 
tity ;  and  if  the  vessel  is  to  remain  at  rest,  a  force  of  this  mag- 
nitude must  be  applied  to  it  acting  in  the  direction  in  which 

the  jet  escapes.     Thus    ^       r>  ^          ,  ,  /^. 

^  ((7  +  CO- )p  =  cr't'^; (2) 

and  therefore,  by  (1),     ^^^^^^^g^^^ ^3^ 

expressing  that  the  coefficient  of  contraction  is  greater  than  \. 
In  the  absence  of  a  mathematical  solution  of  the  problem  it 
is  impossible  to  estimate  the  magnitude  of  Scr  with  any  preci- 
sion; but  it  is  something  to  know  from  general  principles  that 
there  must  be  a  considerable  contraction,  and  yet  that  the  co- 
efficient of  contraction  must  exceed  one  half.  However,  by  a 
slight  modification  of  the  problem  it  is  possible  to  get  rid  of 
the  uncertainty  arising  fi;om  the  unknown  magnitude  of  her. 
Suppose  the  hole  in  a  thin  plate  to  be  replaced  by  a  thin 
parallel  tube  projecting  into  the  interior  of  the  vesseL  If  the 
tube  be  long  enough,  the  sides  of  the  vessel  are  sufficiently 
removed  from  the  region  of  rapid  flow  to  allow  of  the  pressure 
acting  upon  them  being  treated  as  constant,  while  the  relief  of 
pressure  on  the  sides  of  the  tube  does  not  add  any  thing  to  the 
forces  tending  to  produce  momentum  in  the  jet.  Under  these 
circumstances,  if  <t  be  the  area  of  the  section  of  the  tube  and 
cr'  the  area  of  the  section  of  the  jet  after  contraction,  o-'  =  -^cr, 
or  the  coefficient  of  contraction  is  one  half  exactly.  The  rigOT 
reus  mathematical  solution  of  this  problem,  so  far  as  relates  to 


Lord  Rayleigh's  Notes  on  Hydrodynamics.  443 

the  case  of  motion  in  two  dimensions,  has  been  given  by  Helm- 
holtz  (Phil,  Mag.  November  18(38);  and  the  conckision  that 
the  width  of  the  emergent  stream  is  ultimately  one  half  that  of 
the  channel  follows  from  his  analysis  * . 

This  problem  throws  some  light  on  the  formation  of  a  sur- 
face of  discontinuity.  If  the  electrical  law  of  flow  held  good 
so  that  the  tube  were  filled,  twice  as  much  momentum  as  before 
would  have  to  be  generated,  and  the  extra  momentum  would 
have  its  origin  in  the  infinite  negative  pressure  which,  accord- 
ing to  that  law,  must  prevail  over  the  extreme  edge  of  the  tube. 
In  the  absence  of  forces  capable  of  generating  the  extra  mo- 
mentum the  tube  could  not  flow  full. 

A  generalization  of  the  problem  just  considered  may  be 
effected  by  replacing  the  vessel,  whose  dimensions  were  sup- 
posed to  be  indefinitely  great,  by  a  cylinder  of  finite  section 
a"  (Plate  V.  fig.  3),  in  which  the  fluid  moves  with  finite  velo- 
city v".  If  v'  and  c/  be  the  ultimate  velocity  and  section  of  the 
escaping  jet,  the  equation  of  continuity  gives 

V'(J'  =  V"(7" (4) 

By  the  principle  of  energy, 

p=w'-^"'y> (5) 

and  by  the  principle  of  momentum,  if  cr  be  the  area  of  the 
tube, 

po-  =  c/i/2-(7''r"2 (6) 

From  these  equations  we  obtain 

2        11 

?=7  +  ^' (^) 

showing  that  the  section  of  the  tube  is  an  harmonic  mean  be- 
tween the  sections  of  the  cylinder  and  of  the  jet. 

The  problem  of  the  contracted  vein  for  a  hole  in  a  thin  plate 
has  been  solved  mathematicallv  by  Kirchhoft'f  for  the  case  of 
motion  in  two  dimensions.  As  this  solution  is  very  little 
known,  and  many  points  of  interest  are  passed  over  by  Kirch- 
hoff  himself,  a  short  account  of  it  accompanied  by  a  few 
remarks  and  calculations  may  not  be  out  of  place. 

With  the  notation  explained  in  the  previous  paper,  the  form 
of  f  proper  to  this  problem  is 

^=(?-<-+ Ve-^^-l (8) 

*  The  application  of  the  principle  of  momentum  to  the  case  of  the  in- 
troverted tube  was  original  with  myself,  but,  as  I  learned  at  Glasgow,  had 
been  made  previously  by  Mr.  Froude.  In  small-scale  experinients  the 
result  is  liable  to  be  vitiated  by  adhesion  to  the  sides  of  the  tube. 

t   Crelle,  vol.  Ixx.  1868,  and  Vorhsungen  iiber  mathematische  Phj/sik. 
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The  Vcalues  of-v/r  corresponding  to  the  boundaries  of  the  jet  are 
0  and  IT  ;  and  the  stream-line  which  ])asses  symmetrically 
through  the  middle  of  the  oritice  is  •\|r=|7r,  for  which  value  of 
•>/r  ^is  purely  imaginary.     For  the  stream-line  <|^  =  0, 

^=e-*+v/g-2^_l (9) 

When  ^  is  negative  in  (9)  ^  is  wholly  real  and  positive,  so  that 
this  part  of  the  stream-line  is  parallel  to  the  axis  of  x,  and 
answers  to  the  bottom  of  the  vessel  up  to  the  edge  of  the  ori- 
fice. When  ^  is  positive  ^  is  complex,  but  its  modulus  is 
unity.     This  part  therefore  corresponds  to  the  free  boundary. 

The  width  of  the  jet  after  contraction  is  tt,  since  the  velocity 
is  unity ;  and  the  total  flow  between  the  stream-lines  -\/r  =  0  and 
'^  =  7ris  measured  by  the  difference  of  the  values  of  -v/r. 

In  equation  (9)  the  real  part  of  ^  (<^  positive)  is  cos^, 
where  6  is  the  angle  between  the  direction  of  motion  at  any 
point  and  the  axis  of  x  ;  so  that  the  intrinsic  equation  to  the 
boundary  is  ^^ 

C0&6— ^  =6", (10) 

no  constant  being  added  if  s  be  measured  from  the  edge  of  the 
orifice  where  cos  6=\. 

From  (10),  by  integration, 

a;  =  l-e-% (11) 

if  the  origin  of  x  be  taken  at  the  edge  of  the  orifice,  where 
s=0.  This  equation  determines  the  width  of  the  aperture. 
When  s  =  co  ,  x==\,  which  corresponds  to  the  abscissa  of  the 
boundary  of  the  jet  after  contraction  ;  and,  as  we  have  already 
seen,  the  width  of  the  jet  itself  is  tt.  Accordingly  the  whole 
width  of  the  aperture  is  2  +  tt,  and  the  coefficient  of  contrac- 
tion TT  :  2  +  TT. 

The  numerical  value  of  7r:2+7r  is  'Gil,  agreeing  very 
nearly  with  the  coefficient  of  contraction  found  bv  observation. 

From  (10), 

dy 


ds  =  ^^-^-''^ 


whence 


1+ Vl-e-2« 


y=Vl_,-2._il0g^_^^^_^^ 


(12)^ 


if  the  origin  of?/  be  taken  at  s  =  0. 

If  we  eliminate  s  between  (11)  and  (12),  we  get  as  the 
equation  of  the  curve  in  Cartesian  coordinates, 

,■ i  1+n/2a'  —  XT  /1Q\ 

y=V-2x  —  x^  —  ^loQr^ r^r .,?     ....     {i-O) 

*  Equations  (11)  and  (12)  are  given  by  KirchhofF. 
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from  \yhich  the  following  points  are  calculated: — 


X='l 

-y=-0313 

x=   'Q 

-~y=   -6494 

x="2 

-?/=-0932 

x=   *7 

-y=   -9203 

x  =  'S 

-^=•1815 

w=   -8 

-^=1-3127 

.r  =  -4 

-_y  =  -2985 

^=  -9 

-y=l-9915 

^•=•5 

-^  =  •4509 

a;=l-0 

-y=      oo 

By  means  of  these  points  the  curve,  fig.  6,  is  constructed.  From 

K^^Jj  s= — log  cos  ^; 

so  that  the  radius  of  curvature  is  tan  6.  The  curvature  is 
therefore  infinite  at  the  origin,  and  diminishes  continually  as 
s  increases. 

In  discussions  on  the  cause  of  the  contraction  of  the  jet 
doubts  have  been  expressed  as  to  the  reality  of  the  deficiency 
of  velocity  in  the  middle  of  the  orifice  ;  and  it  may  therefore 
be  worth  while  to  examine  this  point  more  closely.  For  this 
purpose  it  will  be  convenient  to  express  zor  x-\-{ym  terms  of  ^. 

From  (8)  we  get 

1  +  r- 

^-"=4/' (1^) 

whence  (7&)  _  1  1  — ^^ 

Thus 

e  =  j'^rfa,=J?~c/?=j'i^^r=2tan-'r-r+C. 

In  order  to  determine  the  value  of  the  constant  of  integration, 
we  may  observe  that  ^  when  real  varies  between  — oo  and  — 1, 
and  between  + 1  and  +  cc  .  The  values  ±  1  correspond  to  the 
edges  of  the  orifice  when  2  =  0  and2:=7r  +  2.     Hence  tan~'f 

varies  between  j  and  -j-,  and  C  =  l—  ^.     Accordingly 

0=2tan->^-f+l-| (16) 

If  V  be  the  velocity  of  the  stream  at  any  point  y  of  the  line  of 

TT  i 

symmetry  x=  ^  +1,  ^= ;  and  therefore  by  (16)  the  rela- 
tion between  y  and  v  is 

iy=  — 2tan~'  -  H tt; 

V         V 

I 
or,  if  tan~^-  be  replaced  by  its  logarithmic  equivalent, 

^=^-l°gi:r^ (10 
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A  few  pairs  of  corresponding  values  of  y  and  v  will  give  an 
idea  of  the  relation  expressed  in  (17). 

v=.  f  y=  —   -613 

r=  §  y=-   -1095 

v  =  -^  y=+   -371)2 

r=  ^  ?/=  +    •902 

r=  J-  '?/= +3-489. 

By  interpolation  we  find  that,  corresponding  toy  =  0,  v=  "6840, 
r-  =  -420.  Hence  the  pressure  in  the  middle  of  the  orifice  is 
'56  of  that  prevailing  in  the  vessel,  the  external  pressure  being 
treated  as  zero.  In  these  statements  the  ultimate  velocity  is 
understood  to  be  unity,  and  the  scale  of  linear  magnitude  is 
such  that  2  +  TT  represents  the  width  of  the  orifice. 

Aleeting  Streams. 

The  principle  of  momentum  gives  interesting  information  on 
the  question  of  the  mutual  action  of  streams  which  come  into 
collision.  Suppose,  for  example,  that  the  motion  is  in  two 
dimensions,  and  that  two  equal  streams  moving  with  the  same 
velocity  meet  at  an  angle  2a  (fig  4).  After  the  collision  the  fluid 
resolves  itself  into  two  other  streams  of  unequal  width  parallel 
to  the  line  bisecting  the  angle  2«  ;  and  a  question  arises  as  to 
the  relative  magnitude  of  these  streams.  The  ultimate  velocity 
is  of  course  in  both  parts  the  same  as  before  the  collision. 

The  width  of  the  original  streams  being  unity,  let  us  sup- 
pose that  the  width  of  that  derived  stream  Avhich  is  least 
diverted  is  x.  The  width  of  the  other  derived  stream  is  then 
2—x\  and  the  principle  of  conservation  of  momentum  gives  at 
once  the  relation  2  cos  «  =  .r  —  (2  —  .r) 
whence  ,^=1  +  cos  a.  The  ratio  of  the  two  derived  streams  is 
2-.i-:a;=tan2j ^^13^ 

For  example,  if  a  =  60°,  the  ratio  of  the  derived  streams  is 
1  :  3.  The  effect  of  friction  woukl  be  to  make  the  ratio  still 
more  extreme. 

If  we  suppose  the  motion  reversed,  we  obtain  the  solution 
of  the  problem  of  the  direct  impact  of  two  streams  of  unequal 
widths  which  meet  with  equal  velocities.  The  ratio  of  streams 
being  known,  (18)  determines  the  angle  of  divergence. 

In  the  case  where  a  is  a  right  angle  the  four  streams  are  all 
equal,  and  the  bounding  surfaces  are  symmetrical  with  respect 
to  the  straight  lines  bisecting  the  streams  (fig.  5).  The  exact  so- 
lution of  this  case  has  been  indicated  by  Kirchhoff.  If  6  be  the 
angle  between  the  tangent  to  the  free  surface  at  any  point  and 
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the  axis  of  x,  and  if  s  be  the  length  of  the  arc  measured  from 
the  middle  point  (where  ^=  ±  7),the  intrinsic  equation  to  the 

free  surface  is  ^an  6=  -t-e~' 

the  scale  of  linear  magnitude  being  such  that  the  initial  and 
final  width  of  the  streams  is  ir. 

Postscript,  Nov.  14. — Although  the  accurate  determination  by 
experiment  of  the  pressure  in  the  mterior  of  a  stream  is  a  matter 
of  considerable  difficulty,  the  theoretical  value  of  the  pressm-e  in 
the  middle  of  a  jet  issuing  through  a  sht  in  a  thin  plate  has  been 
recently  verified  approximately  by  Mr.  A.  Mallock  in  my  labora- 
tory. The  fraction  of  the  original  head  still  remaining  in  the  plane 
of  the  plate  was  found  to  be  about  -59,  which  agrees  very  closely 
with  the  value  obtained  from  theory,  viz.  -58.  For  a  circular  hole 
the  correspondmg  fraction  is  higher,  about  -67  ;  but  for  this  there 
is  at  present  no  theory.  The  observations  were  made  by  introdu- 
cing along  the  axis  of  the  jet  a  fine  glass  tube  in  the  side  of  which 
was  a  small  hole,  the  interior  of  the  tube  being  in  connexion  with  a 
manometer. 


LV.  Notes  on  the  "  Seiches  "  of  the  Siciss  Lakes. 
By  Professor  Foeel. 

To  the  Editors  of  the  Pliilosophical  Magazine  and  Jonrncd. 

(jE^TTLEJIEN, 

IHAYE  received  the  following  notes  from  Professor  Forel 
concerning  the  ''  Seiches"  of  the  Swiss  Lakes.  Professor 
Forel  was  so  good  last  summer  as  to  communicate  to  the  Phy- 
sical Societ)-  of  London  the  results  of  his  observations  on  these 
phenoneraa,  which  he  regards  as  mononodal  oscillations  of  the 
water  affected  by  the  depths  of  the  lakes.  The  present  notes 
of  Dr.  Forel  will  be  of  interest  to  those  of  your  readers  who  are 
acquainted  with  that  gentleman's  previous  obserA'ations  ;  and 
they  have  a  direct  bearing  upon  the  study  of  stationary  liquid 
waves,  some  experiments  on  which  were  published  by  me  in 
your  Magazine. 

Your  obedient  Sers'ant, 

Fkederick  Guthrie. 


(^Professor  Forel  to  Frederick  Guthrie). 

My  very  honoured  Colleague,  Merges,  29tli  Sept.  1876. 

I  have  the  satisfaction  of  being  able  to  inform  you  that 

I  have  at  last  found  a   formula  which  is  perfectly  adapted  to 

the  "  Seiches  "  in  our  lakes,  inasmuch  as  it  takes  into  account 

their  length  and  depth. 
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In  a  pamphlet  by  Dr.  J.  Hud.  Merian,  of  Basle,  '  Ueber 
die  Beweoung  tropfbarer  Fliissigkeiten  in  Gefassen,'  Basel, 
1828,  Avhicli  was  communicated  to  me  by  the  grandson  of  the 
author,  my  friend  Prof.  K.  von  der  Miihle,  of  Leipzig,  I  find 


the  formula 

t 


V 


h  _nk-^    1 

A 


Avhich  expresses  in  function  of  the  length  (I)  and  of  the  depth 
(A)  of  the  basin,  tlie  duration  t  of  the  motion  of  oscillation  ;  t  is 
the  duration  of  a  half  oscillation  of  what  I  have  called  la  seiche 
haute  et  la  seiche  basse,  or,  la  seiche  ascendante  et  la  seiche  des- 
cendante. 

This  formula  is  perfectly  applicable  to  our  lake  seiches. 

For  convenience  of  calculation  I  have   transformed   it  into 


and  into 


^  log  e 

and  on  applying  these  formula)  to  our  lakes  I  find  that  they 
express  very  sufficiently  the  relations  between  the  duration  of 
the  seiches  and  the  dimensions  of  the  lakes. 

I  assume  at  starting  that  the  formula  which  has  been  calcu- 
lated for  a  basin  Avith  a  horizontal  bottom,  is  applicable  to  a 
basin  of  irregular  depth  if  for  h  we  adopt  the  mean  depth 
(Comp.  P^  dude  sur  les  seiches,  p.  3G).  Perhaps  this  point 
ought  to  be  submitted  to  a  fresh  study.  However  this  may 
be,  I  append  a  few  examples  of  the  application  of  my  fonnul^e 
to  the  seiches. 

Transversal  seiches  of  Lake  Leman      .     .   2^=600'' 

Z=  13800  metres ^=300'' 

The  formula  gives /i  =  216  metres.  Now  the  greatest  depth 
of  the  lake  is  334  metres;  and  accordingly  this  value  of  216 
metres  for  the  mean  depth  of  the  large  lake  is  perfectly 
plausible. 

Longitudinal  seiches  of  Lake  Leman      .  2^  =  4200''' 
Z  =  73200  metres ^  =  2100'' 
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The  formula  gives  A  =  130  metres,  a  value  which  I  therefore 
assign  as  mean  depth  to  the  whole  of  the  lake,  including  the 
little  lake  near  Greneva.  In'jluding  this  additional  lake, 
^=2069^ 

Longitudinal  seiches  of  Lake  Brienz. 

/=  13700     2^  =  574''     ^  =  287'^ 

Greatest  depth  261  metres. 

Mean  depth  calculated  233  metres,  and  so  on. 

In  my  observations,  however,  I  have  to  notice  two  excep- 
tions, which  I  hope  may  be  accounted  for  by  errors  of  observa- 
tion. They  relate  to  the  Lakes  of  Wallenstadt  and  Zug.  As 
soon  as  I  have  time,  I  shall  endeavour  to  reexamine  my  ex- 
periments on  these  two  lakes.  This,  dear  Mr,  Guthrie,  forms 
my  communication.  The  interest  which  you  have  been  good 
enough  to  take  in  my  researches,  which  are  so  closely  related 
to  yours,  Avill  be  my  excuse  for  troubling  you  with  them.  If 
you  think  that  these  formulae  have  an  interest  for  the  Physical 
Societv,  I  beg  vou  to  communicate  them  in  mv  name. 

&c.  (Ice. 

Professor  Forel. 

My  dear  Mr.  Guthrie,  Morges,  4tli  Oct.  1870. 

I  kept  back  for  some  days  the  above  letter  (which  I 
wrote  on  the  29th  of  September),  because  I  had  decided  to 
verify  some  of  the  observations  which  did  not  agree  with  my 
formula.  I  have  returned  to  day  from  Wesen,  where  I  have 
been  examining  the  Lake  of  Wallenstadt,  and  I  am  happy  to 
inform  you  that  the  question  which  perplexed  me  is  now  fully 
cleared  up. 

According  to  my  former  observations,  the  duration  of  the 
seiches  on  the  Lake  of  Wallenstadt  was  o71'^  the  length  being 
15,000  metres.  Calculations  from  the  formula  gave  a  mean 
depth  of  128  metres.  Now  the  only  depth  given,  and  which 
was  considered  the  maximum,  was  114  metres.  Accordingly 
either  the  formula  must  be  defective  or  the  real  depth  must  be 
greater.  The  latter  is  the  case.  Soundings  which  I  took 
yesterday  in  this  lake  showed  me  that  there  is  a  great  basin 
of  comparativelv  even  bottom,  having  at  different  points  the 
depths  of  97,  104,  118,  128, 133,  13(3, 138  metres.  These,  as 
you  see,  have  a  mean  value  which  approaches  much  more 
closely  to  the  value  120,  which  the  formula  gives. 

I  am  happy  in  being  able  to  give  you  this  new  confirmation 
of  my  hypothesis,  and  &c.  &c.  tt  -t-. 
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LVI.  On  the  Application  of  Thermodynamics  to  the  Study  oj 
the  Variations  of  Potential  Energy  of  Liquid  Surfaces. 
Divers  Consequences.  {^Preliminary  Communication.) 
By  G.  Van  der  Mensbrugge,  Correspondent  of  the  Royal 
Academy  of  Belgium* . 

SUPPOSE  a  liquid  mass  m,  of  which  t  is  the  absolute  tem- 
perature, S  the  free  surface,  and  T  the  potential  energy 
per  unit  of  surface  ;  the  total  potential  energy  of  the  surface 
vdW  be  TS,  exclusively  of  all  other  energy,  such  as  that  due 
to  weight,  to  a  change  of  volume,  &c.  Let  us  search  out  the 
quantity  of  heat  c/Q  which  the  mass  must  supply  for  the  sur- 
face S  to  receive  an  increment  (/S.  (/Q  will  evidently  be  a 
function  of  S  and  of  t.     Now,  from  the  second  principle  of 

thermodynamics,  —  must  be  an  exact  differential  dfi  ;  let, 

then, 

^-^  =  d^L  =  Xd^  +  Y^dt, 

X  being  the  variation  of  yu,  when  S  is  increased  by  the  unit  of 
surface,  the  temperature  t  remaining  constant,  Y  the  variation 
of  ^  by  unit  of  surface  when  S  remains  constant  and  t  be- 
comes ^  + 1  ;  it  is  not  difficult  to  see  that  X  and  Y  are  inde- 
pendent of  S,  and  consequently  we  shall  have 

dt        ' 

whence  c?Q  =  ^XtZS  +  <  -7-  ^It. 

dt 

If  the  increment  c?S  is  produced  by  the  external  work  Tc?S 
it  is  clear  that  c?Q  may  be  decomposed  into  two  parts  : — one 
ATrfS,  corresponding  to  this  external  work ;  and  the  other, 

t'Xd^  +  t!^^dt—ATd^, 
dt 

which  corresponds  to  the  internal  work  d\j,  equivalent  to 
Ac?U,  A  being  the  thermal  equivalent  of  the  unit  of  work. 
We  have  therefore 

ArfU= (^X- AT)c/S  +  t^^^dt, 

together  with  the  condition 

<^X-AT)      d:^        ^      .(IT     ^ 

— T, =^-u    or  X — A3-  =  0. 

dt  dt  dt 

*  Translated  from  a  separate  impression,  communicated  by  the  Author, 
from  the  Bulletins  de  V Academic  royale  de  Belgique,  2""*  g^rie,  tome  xli. 
no.  4,  April  1876. 
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From  this  we  deduce 

dt '  de  ' 

and  consequently  the  variation  of  the  heat  Q  contained  in  the 
mass  m  will  be  given  by 

<ZQ=ATSzS  +  Aij^Sc^«=A^(Z^S^)      .     .     (1) 

I  have  supposed  the  liquid  surface  in  contact  with  air ;  but 
equation  (1)  evidently  applies  to  the  case  of  the  surface  of 
separation  of  two  liquids  which  do  not  mix^  or  to  that  of  the 
surface  of  contact  of  a  solid  and  a  liquid.  I  shall  speedily 
treat  the  case  in  which  S  represents  either  the  free  surface  of 
a  solid  body,  the  surface  of  separation  of  two  solid  bodies,  the 
free  surface  of  a  gas,  or  the  surface  of  contact  of  a  solid  and 
a  gas.  At  present  I  shall  deduce  from  this  equation  several 
consequences  which  appear  to  be  of  great  import. 

I.  If  we  impart  to  a  liquid  mass  m  an  increment  rZS  of 
free  surface,  then  the  potential  energy  T  is  a  positive  quantity; 
that  is  to  say,  the  total  initial  potential  energy  has  received  a 
positive  increment  Tc/S.  It  follows  that  the  mass  m,  having 
acquired  a  greater  potential  energy,  must  have  lost  a  certain 
quantity  of  heat ;  that  is,  (/Q  is  negative.  This  is  shown 
more  simply  still  by  the  sign  of 

\f^dll\  „      dTl 

\^Tt)      ^^°^       dt' 

the  tension  T  diminishing  when   the  temperature  t  increases, 

-7—  and  consequently  also  <ZQ  must  be  negative.     It  was  from 

this  point  of  view  that  Sir  TV.  Thomson  investigated  the 
thermal  effect  produced  when  a  liquid  film  is  stretched  * ;  but 
he  has  given  only  the  term 

At-rd^ 
dt 

of  the  second  member  of  equation  (1). 

I  purpose  to  submit  this  formula  to  the  test  of  numerous 
experiments ;  in  this  preliminary  note  I  will  merely  say  that 
equation  (1)  appears  to  me  to  account  for  a  great  number  of 
phenomena  yet  unexplained.  In  order  to  judge  of  this  by 
particular  instances,  let  us  replace  c?Q  by  mgkdt,  k  being  the 
specific  heat  of  the  mass  m  at  the  temperature  t ;  we  shall 

*  "  On  the  Thermal  Eiiect  of  drawing  out  a  Film  of  Liquid  "  (Phil. 
Mag.  1859,  [4]  vol.  xvii. p.  61).  Compare  the  ai-ticle  entitled  "Influence 
de  la  temperature  sur  les  forces  de  reunion"  (^Theorie  mecanique  de  la 
chaleur,  par  A.  Dupre,  p.  266 :  Pai'is,  1869). 

2  G  2 
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tluMi  be  a))le  to  write,  for  the  variation  of  the  temperature, 

df 
^i=~ -flf- (Ibis) 

This  vahie  shows  that  the  less  the  mass  m  and  the  specific 
heat  /',  tlie  more  will  the  temperature  vary. 

Here  are  two  curious  facts,  the  explanation  of  which  long 
puzzled  me,  a7id  which,  in  my  provisional  opinion,  proceed 
immediately  from  the  above  value  of  the  variation  of  tempe- 
rature dt : — 

(1)  In  a  bubble  of  soap-solution  or  of  liquid  glycerine,  as 
is  known,  strange  and  altogether  irregular  motions  are  ob- 
served very  energetic  when  the  bubble  has  just  been  blown, 
and  then  less  and  less  pronounced  in  proportion  as  the  film 
gets  thinner.  Now  the  insutHation  of  the  air  (supposed  to 
liave  the  same  temperature  as  the  liquid)  evidently  produces  a 
larger  and  larger  free  surface  ;  and  consequently  the  mass  must 
in  its  different  points  take  temperatures  as  nmch  lower  as  the 
fresh  surface  siipplied  by  each  portion  of  the  film  is  more 
considerable.  Owing  to  these  differences  of  temperature,  a 
multitude  of  currents  will  arise,  now  in  one  direction,  now  in 
the  opposite.  The  continual  descent  of  the  liquid  will  main- 
tain these  phenomena  for  some  time,  until  the  extreme  tenuity 
of  the  film  renders  relative  displacements  of  the  liquid  more 
and  more  difficult  and  the  motions  less  and  less  appreciable, 

(2)  When  the  liquid  film  produced  I)v  placing  a  drop  of 
oil  of  turpentine  upon  the  surface  of  distilled  water  has  taken 
the  white  tint  of  the  first  order,  and  upon  this  film  a  fresh 
drop  of  turpentine  is  placed,  this  latter  spreads  out,  like  the 
first,  in  a  coloured  layer,  and  the  surrounding  fihn  thickens 
as  it  is  heaped  up  upon  itself;  soon  the  layer  is  arrested  for  a 
few  moments,  and  at  length  returns  several  millimetres 
towards  its  centre.  Is  not  this  the  effect,  on  the  one  hand, 
of  the  spreading  of  the  second  drop,  which  cools  its  mass  and 
raises  its  superficial  tension,  and,  on  the  other,  of  the  collecting 
upon  itself  of  the  surrounding  film,  a  collecting  which  aug- 
ments its  temperature  and  diminishes  its  tension  ?  In  this 
way  a  slight  difference  of  tension  may  be  annulled,  or  even 
change  its  sign ;  and  this  would  explain  the  fact  which  I 
observed  long  since  without  at  that  time  surmising  the 
cause, 

I  could  cite  man}-  other  facts  which  appear  to  me  intimately 
connected  Avith  the  cooling  caused  by  variations  of  the  free 
surface  of  a   liquid   mass ;  but   I  prefer  to  study  first  these 
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phenomena  carefully,  reserving  to  mjself  to  describe  them  in 
a  more  develo[)ed  investigation. 

II.  If  the  increment  of  surface  fZS  is  produced  by  a  solid 
body  immersed  in  the  mass  m  and  not  wetted  by  the  liquid,  a 
"work  Tif/S  must  be  developed,  Ti  designating  the  potential 
energy  of  the  unit  of  surface  of  contact.  Now  I  have  de- 
monstrated *  that  this  energy  constitutes  a  real  tension ;  it 
follows  that  in  this  case,  again,  the  liquid  mass  will  undergo 
a  diminution  of  temperature  which  will  be  greater  in  propor- 
tion as  the  mass  rii  and  the  specific  heat  h  are  less. 

I  shall  shortly  endeavour  to  prove  this  assertion  by  direct 
experiments ;  but,  as  I  shall  show  further  on,  there  are  facts 
which  demonstrate  it  indirectly. 

III.  Suppose  in  the  third  place,  that  the  increment  d^ 
given  to  the  surface  is  produced  by  a  solid  body  plunged  in 
the  mass  m  and  wetted  by  the  liquid ;  then  the  potential 
energy  T2  of  the  unit  of  surface  of  contact  of  the  solid  and 
liquitl  is  not  due  to  a  force  of  tension,  but  to  a  force  of  ex- 
tension, as  I  have  sought  to  establish  in  the  Note  above  cited. 
It  hence  follows  that  the  potential  energy  of  the  mass,  instead 
of  being  inci'eased  by  the  augmentation  of  the  surface,  is,  on 
the  contrary,  diminished ;  and  consequently  this  loss  of  po- 
tential energy  must  be  compensated  by  a  heating  of  the  mass 

dT 
m.     This  follows  immediately  from  formula  (1),  where  -y-  is 

then  positive,  and  consequently  also  c?Q. 

This  curious  theoretical  consequence  seems  fully  verified  by 
the  numerous  experiments  made  in  1822  by  Pouillett,  who 
ascertained  that  heat  is  disengaged  whenever  a  solid,  pre- 
viously reduced  to  powder  or  filings  as  fine  as  possible  and 
then  perfectly  dried,  is  wetted  with  any  liquid :  he  found,  by 
delicate  measurements,  that  glass  becomes  heated  \°  Centi- 
grade A^■hen  wetted  either  with  water,  oil,  alcohol,  or  acetic 
ether;  under  the  same  treatment  porcelain  receives  a  heatino- 
of  about  ^°;  lastlv,  clay  becomes  nearly  1°  warmer  when 
soaked  with  water,  and  ^  with  acetic  ether. 

Formula  (1)  indicates  that  the  more  considerable  the  in- 
crement of  the  surface,  of  course  up  to  a  cei'tain  limit,  the 
more  energetic  will  be  the  disengagement  of  heat ;  now  this, 
again,  was  verified  by  the  experiments  of  Pouillet.  Anion  o- 
the  inorganic  bodies  v/hich  he  tried,  it  was  the  most  porous, 
such  as   clay  (brick),  which  became  the   most  heated  ;  but 

*  '■'  Siir  les  proprietes  de  la  surface  de  contact  d'un  solide  et  d'un  liquide," 
Bull,  de  rAcacl.  Royale  de  Belgique,  tome  xl.  p.  3-41. 

t  "  M6moire  sur  de  nouveaux  phenoruenes  de  production  de  clialeuiy ' 
Ann.  de  Chimie  et  de  Physique,  18'22,  tome  xx.  p.  141. 
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organic  materials,  vegetable  or  animal,  gave  much  moro 
marked  results  :  thus  paper,  first  dried  and  then  impregnated 
with  water,  received  a  rise  of  tcm|)erature  of  4°"52  ;  sponge, 
l°-9  ;  starch,  9°-7  ;  iris-root,  ()°-12  ;  liquorice-root,  10°-2  ; 
ox-tendon,  3°-lfi  ;  and  ihe  verv  thin  membranes  of  the  in- 
testines of  sheep,  9°*()  with  water,  and  \if'l'2  with  atcohol. 
These  results,  so  surprising,  compared  with  equation  (1)  ap- 
pear to  furnish,  for  the  extreme  tenuity  of  the  ultimate  organic 
particles  into  which  liquids  can  penetrate,  a  proof  at  least  un- 
expected, if  not  as  certain  as  microscopic  observations. 

Pouillet's  experiments  were  followed  up  in  1855  by  M. 
Jungk*,  who  established  the  following  facts  : — (1)  in  water 
absorbed  by  sand,  there  is  depression  or  elevation  of  tempe- 
rature, according  as  the  initial  temperature  of  the  liquid  is 
below  or  above  +4°  C. ;  (2)  the  temperature  is  diminished 
in  water  at  0°  absorbed  by  snow.  These  two  facts,  intimately 
connected  with  the  abnormal  expansion  of  water  in  the  in- 
terval between  its  maximum  of  density  and  its  freezing-point, 
appear  to  me  again  to  spring  immediately  from  equation  (1). 
If  my  explanation  were  true,  we  should  have  the  theory  of 
regelation  without  the  cooperation  of  external  pressure.  I 
reserve  the  examination  of  this  point,  again,  for  a  special 
study. 

But,  in  my  opinion,  the  accuracy  of  equation  (1)  is  shown 
especially  by  the  excellent  researches  published  in  1873  by  M. 
Melsenst,  which  so  well  complete  the  preceding  investigations. 
He  has,  in  fact,  found,  as  by  an  admirable  intuition,  the  best 
conditions  of  the  phenomena  of  imbibition  :  not  only  has  he 
precisely  estimated  the  quantities  of  material,  solid  or  liquid, 
employed,  as  well  as  the  intervals  of  time  elapsed  from  the 
commencement  of  the  absorption  till  the  observation  of  each 
of  the  successive  temperatures,  but  he  has  also  operated  on 
small  quantities  of  solid  material  (charcoal)  and  slight  quan- 
tities of  Tarious  liquids.  Thus,  with  10  grammes  of  charcoal 
and  25  cubic  centims.  of  liquid,  the  rise  of  temperature  was 
4°  for  alcohol,  6°  for  rectified  ethylic  ether,  and  17°  for  sul- 
phide of  carbon  ;  lastly,  11  grammes  of  charcoal  and  97 
grammes  of  liquid  bromine  supplied  to  M.  Melsens  a  heating 
amounting  to  30°,  while  only  4*45  grammes  of  charcoal  and 
33  grammes  of  bromine  gave  him,  in  a  very  short  time,  a  rise 

*  "  Ueber  Temperatureniiederung  bei  der  Absoi-plion  des  Wassers 
durcb  feste  porose  Korper,'"  Pogg'.  A)in.  vol.  cxxv.  p.  292. 

t  "Notes  chiniiques  et  chiiuico-plivsiqiies,  6°"'  Note,  chap.  1  :  De 
I'f^l^Tation  de  teniperaturo  prodiiite  par  riruLibition  du  charbou  par  I'eau, 
rnlcool,  Tt^ther  ethylique,  le  pulfure  de  carbone  et  le  brome,''  Mem.  de 
VAcad.  rcnjcde  de  Belr/iqve,  collection  iii-8vo,  t.  xxiii. 
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of  more  than  35°.  These  last  facts  (which,  I  am  sure,  must 
have  surprised  the  able  experimenter)  would  be  explained, 
according  to  equation  (1  bis),  by  the  threefold  influence  of 
the  values  of  the  liquid  mass  m,  of  its  specific  heat  k,  and  of 
the  wetted  surface  S. 

IV.  I  now  approach  another  class  of  phenomena,  which  is 
directlr  connected  Avith  equation  (1).  The  nature  of  the 
thermoelectric  currents  developed  by  the  action  of  heat, 
whether  in  one  and  the  same  conductor  the  parts  of  which  do 
not  all  possess  the  same  physical  properties,  or  in  hetero- 
geneous conductors  of  which  the  surface  of  contact  is  heated, 
allowed  me  to  presume  that  equation  (1)  could  be  transformed 
into  another  containing  the  difference  of  the  electric  poten- 
tials of  two  conductors  on  the  two  sides  of  their  surface  of 
contact,  whether  these  conductors  are  heterogeneous  or  only 
differ  in  their  physical  properties.  I  was  fortunate  enough  to 
see  verified  what  I  had  conjectured,  and  thus  to  discover  the 
physical  cause  of  a  numerous  class  of  phenomena  which  have 
much  perplexed  those  who  discovered  them. 

To  effect  this  transformation,  I  make  use  of  two  proposi- 
tions borrowed  from  the  theory  of  thermoelectric  currents, 
and  first  demonstrated  by  M.  Clausius  : — 

1.  The  difference  of  electric  level  x  established  at  the  con- 
tact of  two  heterogeneous  bodies  (or  differing  physically)  is 
proportional  to  the  absolute  temperature  of  the  contact. 

2.  The  quantity  of  heat  rfQ  which  traverses  in  the  time  cLt 
the  surface  of  contact  of  the  two  bodies  is  equivalent  to 

A.xidr, 
A  being  the  thermal  equivalent   of  the   unit  of  work,  cc  the 
difference  of  electric  level,  and  i  the  intensity  of  the  current. 

Having  regard  to  these  two  propositions,  I  can  therefore 
write,  designating  by  \  a  constant  which  depends  on  the 
nature  of  the  two  bodies  : — 

,r  =  \t,  dQ  =  A\itdT. 
Introducing  the  value  of  dQ  into  equation  (1),  it  becomes 

AXitdr — kt\  [  V-f/S  +  ^,  S(/.p  1 , 
( ax         dx-        ) 

or 


idT-- 


=''(^ (^) 


I  conclude  from  this  transformed  equation  that  to  everv^ 
variation  of  temperature  of  the  surface  of  contact  corresponds 
a  variation  in  the  difference  of  electric  level,  and  consequently 
a  thermoelectric  current  will  be  produced  if  the  circuit  be 
closed. 
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Before  reporting  the  verificiition-experiinents,  I  will  men- 
tion that  equation  (2)  is  identical  Avitli  that  obtained  by  M. 
Lippniann  *  for  the  quantity  of  electricity  Avhich  passes  through 
the  surface  of  contact  of  mercury  anti  acidulated  water,  of 
which  surface  T  is  the  superficial  tension  (that  is,  the  potential 
energy  of  the  unit  of  surlace),  a;  the  difference  of  electric 
leyel  when  the  surface  of  contact  S  receives  an  increment  (/S. 

The  new  interpretation  which  I  have  just  given  to  equation 
(1),  and  which  has  permitted  me  to  deduce  very  simply  from  it 
the  formula  (2)  already  obtained  by  M.  Lippmann  for  a  par- 
ticular case,  leads  me  to  believe  that  the  elegant  experiments 
of  that  physicist,  and  those,  of  the  same  kind,  ])ublished  by  M. 
Quincke  f,  are  decidedly  in  favour  of  the  theory  of  thermo- 
electric currents.  If  this  assertion,  rendered  so  probable  by 
the  preceding  considerations,  and  supported  besides  by  all  the 
details  of  those  experiments,  should  be  confirmed  by  my  sub- 
sequent researches,  we  shall  perhaps  recognize  the  true 
relations  bet\\'een  thermal,  electric,  and  capillary  phenomena. 

M.  Li[)pmann  has  proved  the  existence  of  two  very  im- 
portant laws,  of  which  the  following  is  the  expression : — 

1st.  The  capillary  constant  at  the  surface  of  separation  of 
mercury  and  dilute  sulphuric  acid  is  a  function  of  the  electric 
difference  which  takes  place  at  that  surface. 

2nd.  When  a  liquid  surface  is  deformed  by  mechanical 
means,  the  electrical  difference  of  that  surface  varies  in  a 
direction  such  that  the  superficial  tension  developed  opposes 
the  continuance  of  the  movement. 

The  preceding  demonstration  enables  us  to  see  that  these 
two  laws  amount  to  the  two  following,  at  the  same  time  clearer 
and  more  general ;  for  they  apply  to  all  liquids,  Avhether  they 
have  surfaces  of  contact  with  air,  with  other  liquids,  or  with 
solids  : — 

1 .  The  capillaiy  constant  at  the  free  surface  of  any  liquid, 
at  the  surface  of  separation  of  two  liquids  which  do  not  mix, 
or  at  the  surface  of  contact  of  a  li(|uid  Avith  a  solid,  is  a 
function  of  the  absolute  temperature  of  the  surface.  (This 
law,  known  long  since,  involves,  pursuant  to  the  first  propo- 
sition of  M.  Clausius  (see  above),  that  of  M.  Lippmann, 
generalizing  this  latter.) 

2.  When,  by  mechanical  means,  a  liquid  surface  is  deformed, 
the  temperature  of  this  surface  varies  in  a  direction  such  that 

*  Rdations  entre  les  i)hctior,unes  eledriques  et  cajnllaires,  1873,  Paris, 
cbez  Gauthier-Villars. 

t  "  Ueber  elektrische  Strome  hei  ungleichzeitigem  Eintauchen  zweier 
Quecksilber-Electrodeu  in  verschicdene  I'lussigkeiten,"  Pogg.  Ann.  vol. 
cliii.  p.  IGl. 
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the  superficial  tension  developed  opposes  the  continuation  of 
the  movement. 

Let  us  now  cite  two  verifying  experiments  described  by 
M.  Lippmann. 

Experiment  I. — Two  glasses,  both  containing  mercury 
covered  with  acidulated  water,  are  placed  side  by  side  ;  they 
are  put  into  electrical  communication  by  means  of  a  cotton 
wick  ;  the  two  masses  of  mercury  communicate  with  the  ex- 
terior by  means  of  platinum  wires  which  do  not  touch  the 
acidulated  water.  After  putting  these  wires  in  communica- 
tion with  the  extremities  of  a  galvanometer-wire,  the  experi- 
menter inclines  one  of  the  two  glasses  ;  the  needle  of  the 
galvanometer  is  immediatelv  deflected,  indicating  a  current 
passing  through  the  liquid  of  the  inclined  glass  towards  the 
glass  that  remains  upright. 

By  this  operation  the  surface  of  contact  of  the  mercury 
and  acidulated  water  in  the  first  glass  is  enlarged ;  this  sur- 
face must  therefore  be  cooled,  and  the  potential  energy  in  it 
increased  ;  but,  in  return,  the  electrical  difference  there  has 
diminished  ;  hence  the  current  just  indicated. 

M.  Lippmann  adds  that  the  electrification  is  in  time  dissi- 
pated ;  this  is  quite  natural,  since  the  current  arises  only  from 
a  difference  of  temperature. 

Experiment  11. — Listead  of  inclining  one  of  the  glasses,  the 
surface  of  the  mercury  contained  in  it  can  be  enlarged  by 
depressing  it,  dipping  into  it,  for  example,  the  end  of  a  glass 
or  wooden  rod  ;  when  this  is  done,  we  see  the  galvanometer- 
needle  deflected  immediately. 

Thus  my  second  consequence  would  be  found  fully  con- 
firmed relatively  to  the  case  of  the  augmentation  of  the  sur- 
face of  contact  of  two  bodies  which  do  not  Avet  one  another. 

I  cannot  avoid  recalling  a  very  curious  experiment  made 
by  M.  Becquerel,  because  it  furnishes  a  double  verification  of 
the  theory.  He  puts  one  of  the  extremities  of  a  very  delicate 
galvanometer  into  communication  with  a  platinum  capsule, 
while  the  other  communicates  with  platinum  sj^onge  freshly 
heated  to  redness  ;  he  then  fills  the  capsule  with  concentrated 
nitric  acid,  when  he  observes  the  following  facts  :  "  the  instant 
the  immersion  is  effected  the  sponge  receives  from  the  liquid 
negative  electricity,  as  if  the  platinum  had  been  attacked ;  it 
is  immediately  polarized  so  as  to  produce  a  current  in  the 
opposite  direction,  which  continues  for  some  time,  diminishes, 
and  becomes  nil"*.     Isow  does  not  the  first  current  arise 

*  Traite  de  Vehctricite,  tome  ii. :  see  the  chapter  entitled,  "  Effets  elec- 
ti-iques  produits  dans  les  actions  capillaires." 
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from  a  diminudon  of  temperature  due  to  the  great  increase 
of  the  Hquid  surface  without  the  platinum  sponfro  being  wetted, 
thanks  to  the  layer  of  air  which  covers  it  ?  But  soon  this  air 
is  expelled  ;  and  then  a  large  surface  is  wetted  by  tlie  liquid, 
whence  results  a  rise  of  temperature,  and  consequently  a 
current  in  the  opposite  direction  and  more  energetic  than  the 
first. 

V.  Equations  (1)  and  (2)  appear  to  me  to  prove  rigorously 
that  every  change  in  the  surface  of  a  liquid  gives  rise  to  a 
change  of  temperature,  and,  if  the  circuit  is  closed,  to  a  ther- 
moelectric current.  From  this  jjoint  of  view  these  equations 
must  be  of  capital  importance  in  meterology.  Indeed,  if  a 
mere  drop  of  water  falling  into  a  pond,  and  there  losing  the 
whole  of  its  original  free  surface,  can  produce,  indej)endently 
of  the  action  of  gra^-ity,  a  diminution  of  potential  energy,  and 
consequently  a  heating,  to  which  corresponds  a  variation  in 
the  electrical  difference  of  the  pond — if  the  smallest  quantity 
of  vapour  that  rises  from  a  liquid  produces  a  diminution  of 
temperature  and  of  electric  difference,  what  powerful  thermal 
and  electrical  effects  have  we  not  to  expect  from  those  im- 
mense variations  of  free  surface  in  the  waters  that  cover  the 
earth  and  in  the  vapours  that  rise  into  the  atmosphere  ?  On 
the  one  hand,  the  Avaters  of  the  sea  are  suljmitted,  owing  to 
the  action  of  the  sun,  to  continual  evaporation,  which  causes 
the  thermal  and  electrical  state  of  the  earth  to  be  incessantly 
changing,  and  constantly  develops  in  it  thermoelectric  cur- 
rents ;  and  on  the  other,  the  enormous  quantities  of  vapour 
which  rise  into  the  atmosphere  must  there  be  subjected  to  in- 
cessant variations  in  their  surface  of  contact  \vith  the  air,  from 
the  state  of  extreme  (I  will  say  molecular)  tenuity  to  that  in 
which,  through  sudden  condensation,  they  produce  prodigious 
quantities  of  electricity  and  fall  in  torrents  upon  the  surface 
of  the  globe  from  which  they  were  raised.  Thus,  then,  on 
the  one  hand  would  be  found  established  the  existence  of  a 
constant  source  of  thermoelectric  currents  circulating  in  the 
earth  ;  and  on  the  other  M'e  should  recognize  a  permanent 
cause  of  development  of  electricity  in  the  atmospheric  air, 
and  the  explanation  of  the  enormous  electrical  discharges 
produced  in  tempests. 

I  deem  that  the  preceding  considerations  collectively  sufhce 
to  show  the  astonishing  fecundity  of  the  formula  (1) ;  only, 
as  I  desire  to  confirm  more  and  more  the  consequences  above 
indicated,  and,  if  need  be,  to  rectify  them  in  certain  points, 
I  here  conclude  my  preliminary  communication,  reserving 
for  special  memoirs  the  developments  of  the  questions  whicn 
I  have  raised. 


I     459     ] 

LVII.   On  some  Blowpipe  Reactions.     -Sy  E.  J.  Chapman, 
Ph.D.,  Professor  in  University  College,  Toronto*. 

f^^  the  Opalescence  produced  hy  Silicates  in  Phosphor-salt. — 
It  is  well  known  that  most  silicates  when  fused  with 
phosphor-salt  are  only  partially  attacked — the  bases,  as  a  rule, 
gradually  dissolving  in  the  flux,  whilst  the  silica  remains  in 
the  form  of  a  flocculent  mass  technically  known  as  a  ''  silica 
skeleton."  Very  commonly,  almost  invariably,  indeed,  if  the 
blast  be  long  continued,  the  bead  becomes  more  or  less  milky 
or  opalescent  on  cooling.  This  latter  reaction  was  apparently 
regarded  by  Plattner  as  essentially  due  to  the  presence  of 
alkaline  or  earthy  bases,  such  as  exhibit  the  reaction  per  se. 
He  states  (Prohirkunst :  Dritte  Auflage,  p.  468) — "  Da  man 
nun  von  mehreren  Silikaten  ein  Glas  bekommt,  welches,  so 
lange  es  heiss  ist,  zwar  klar  erscheint,  aber  unter  der  Abktih- 
lung  mehr  oder  weniger  opalisirt,  so  muss  man  sich  von  der 
ausgeschiedenen  Kieselsaure  liberzeugen,  so  lange  das  Glas 
noch  heiss  ist,  und  dabei  die  Loupe  zu  Hiilfe  nehmen.  Die 
so  eben  erwahnte  Erscheinung  tritt  gewohnlich  bei  solchen 
Silikaten  ein,  deren  Basen  Kalkerde,  Talkerde,  Beryllerde 
oder  Yttererde  sind,  die  fiir  sich  mit  Phosphorsalz,  bei  gewis- 
ser  Siittigung  des  Grlases,  unter  der  Abkiihlung  oder  durch 
Flatten!  milchweiss  oder  opalartig  Averden."  Dr.  Theodor 
Richter,  the  editor  of  the  4th  edition  of  Plattner's  work, 
leaves  out  the  "  gewohnlich"  of  the  above  quotation,  and  so 
makes  the  implication  still  stronger.  In  this  inerte  Auflage, 
the  statement  runs — "  Bei  solchen  Silikaten  deren  Basen  fiir 
sich  mit  Phosphorsalz,  bei  gewisser  Siittigung  des  Glases, 
unter  der  Abkiihlung  oder  durch  Flattern  milchweiss  oder 
opalartig  werden  (Kalkerde,  Talkerde,  Beryllerde,  oder 
Yttererde)  ^Aard  die  Perle  unter  der  Abkiihlung  mehr  oder 
weniger  triibe."  It  is  true  enough  that  silicates  in  which 
these  bases  are  present,  exhibit  the  reaction ;  but  as  other 
silicates,  practically  all,  indeed,  exhibit  the  reaction  also,  the 
inference  implied  in  the  above  statement  is  quite  erroneous. 
The  opalescence  of  the  glass  arises  entirely  from  precipitated 
silica.  If  the  blast  be  sufficiently  kept  up,  a  certain  amount 
of  silica  is  almost  always  dissolved  ;  but  this  becomes  precipi- 
tated as  the  glass  cools.  A  simple  experiment  will  show  that 
this  is  the  true  cause  of  the  opalescence.  If  some  pure  silica 
(or  a  silicate  of  any  kind)  in  a  powdered  condition,  be  dis- 
solved before  the  blowpipe-flame  in  borax  until  the  glass  be 
nearly  saturated,  and  some  phosphor-salt  be  then  added,  and 

*  Communicated  by  the  Author. 
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the  blowing  be  continued  for  an  instant,  a  precipitation  of 
silica  will  immediately  take  place,  the  bead  becomint^  milky 
— or,  in  the  case  of  many  silicates,  opac[ue-wbite — on  cooling. 
This  test  may  be  resorted  to  for  the  di'tection  of  silica  in  the 
case  of  silicates  which  dissolve  with  difhculty  in  i)hosphor-salt 
alone,  or  which  do  not  gi\e  a  well-pronounced  ''  skeleton  " 
with  that  reagent  *. 

On  the  Reactions  of  Chromium  and  Manganese  with  Car- 
bonate  of  Soda. — When  a  mineral  substance  is  suspected  to 
contain  manganese,  it  is  connnonly  tested  by  fusion  with  car- 
bonate of  soda.  But  chromium  compounds  form  with  that  re- 
agent a  green  enamel  much  resembling  that  formed  by  com- 
pountls  of  manganese. 

The  chromate-of-soda  enamel,  however,  is  yellowish-green 
after  exposure  to  an  oxidating  flame  ;  and  the  green  colour 
never  exhibits  any  tinge  of  blue. 

The  manganate-of-soda  enamel,  on  the  other  hand,  is 
generally  greenish-blue  when  quite  cold. 

To  avoid,  however,  any  risk  of  error  in  the  determination, 
the  bead  may  be  saturated  with  vitriiied  boracic  acid  until  all 
the  carbonic  acid  is  expelled  and  a  clear  glass  is  obtained. 
The  chrome  glass  will  retain  its  green  colour,  whilst  the  man- 
ganese glass  will  become  amethystine  or  violet.  In  place  of 
boracic  acid,  silica  may  be  used  if  more  convenient.  In  this 
case,  the  reaction  is  assisted  by  the  addition  of  a  very  small 
amount  of  borax. 

On  the  Detection  of  Cadmium  in  the  Presence  of  Zinc  in  Bloio- 
pipe  Experiments. — AV^hen  cadmiferous  zinc-ores,  or  furnace- 
products  derived  from  these,  are  treated  in  powder  with  car- 
bonate of  soda  on  charcoal,  the  characteristic  red-brown  deposit 
of  cadmium  oxide  is  generally  formed  at  the  commencement  of 
the  experiment.  If  the  blowing  bo  continued  too  long,  however, 
this  deposit  may  be  altogether  obscured  by  a  thick  coating  of 

*  By  whom  was  the  formation  of  a  "  silica  skeleton  "  first  made 
known  ?  There  is  no  reference  to  it  in  the  early  treatise  of  Von  Eug-e- 
strom  attached  to  his  translation  of  Cronstedt's  Mineralof/ie  (edition  1, 
1770;  ed.  '2,  by  John  Hyacinth  de  Magellan,  1788),  althoug-h  phosphor- 
salt  is  mentioned  as  a  reajjent  under  the  term  of  sal  fusibile  titicrocnsinicKni, 
and  was  indeed  used  by  Cronstedt  before  1758,  the  year  in  whicli  his 
Miuera1o(jie  was  anonymously  published.  Berg-mann,  who  followed  as  a 
blowpipe  worker,  states  that  "  siliceous  earth  "  is  very  slowly  attacked 
by  microcosmic  salt;  but  he  does  not  seem  to  have  remarked  the  skeleton- 
formation  in  the  case  of  any  silicate.  The  reaction  appears  to  have  been 
first  deliuitely  pointed  out  by  Berzelius  in  his  standard  work  on  the 
blowpipe,  published  in  1821.  It  was  therefore  most  probably  discovered 
by  him  ;  or  perhaps — as  he  lays  no  claim  to  its  discovery,  whilst  claiming 
to  be  the  originator  of  other  tests — it  may  have  been  communicated  to 
him  bv  Gahn  ? 
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zinc  oxide.  When,  therefore,  the  presence  of  cadmium  is 
suspected  in  the  assay-substance,  it  is  advisable  to  employ 
the  following  process  for  its  detection.  The  substance,  if  in 
the  metallic  state,  must  first  be  gently  roasted  on  a  support  of 
porcelain  or  other  non-reducing  body.  Some  of  the  resulting 
powder  is  then  fused  with  borax  or  phosphor-salt  on  a  loop  of 
platinum  wire,  and  bisulphate  of  potash  in  several  successive 
portions  is  added  to  the  fused  bead.  The  latter  is  then  shaken 
off  the  wire  into  a  small  porcelain  capsule,  and  treated  with 
boiling  water.  A  bead  of  alkaline  sulphide  is  next  prepared 
by  fusing  some  bisulphate  of  potash  on  charcoal  in  a  reducing 
flame,  and  i-emoving  the  fused  mass  before  it  hardens.  A 
portion  of  the  solution  in  the  capsule  being  tested  with  this, 
a  yellow  precipitate  will  be  produced  if  cadmium  be  present. 
The  precipitate  can  be  collected  by  decantation  or  filtration,  and 
tested  with  some  carbonate  of  soda  on  charcoal.  This  latter 
operation  is  necessary,  because  if  either  antimony  or  arsenic 
were  present,  an  orange  or  yellow  precipitate  would  also  be 
produced  by  the  alkaline  sulphide.  By  treatment  with  car- 
bonate of  soda  on  charcoal,  however,  the  true  nature  of  the 
precipitate  would  be  at  once  made  known. 

On  the  Sohihility  of  Bismuth  Oxide  in  Carbonate  of  Soda 
before  the  Blou-pipe. — Neither  in  the  treatise  of  Berzelius,  nor 
in  the  more  modern  and  advanced  work  of  Plattner,  is  any 
reference  made  to  the  behaviour  of  oxide  of  bismuth  with  car- 
bonate of  soda  in  an  oxidating  flame.  In  Plattner's  Tabel- 
larische  Uehersicht  des  Verhaltens  der  Alkalien,  Erden,  imd 
Metallojcyde  far  sich  und  mit  Reagentien  im  Lothrohrfeuer , 
whilst  oxide  of  lead  is  stated,  correctly,  to  be  soluble  in  carbo- 
nate of  soda  in  an  oxidating  flame,  the  reference  to  oxide  of 
bismuth  is  simply,  that  with  carbonate  of  soda  on  charcoal  it 
becomes  immediately  reduced  to  metallic  bismuth ;  and  none 
of  his  translators  seem  to  have  thought  it  necessary  to  supply 
the  omission.  In  Hartmann's  tabular  Untersuchungen  mitdem 
Lothrohr,  in  the  handy  little  Avork  of  Bruno  Kerl  {Leitfaden 
bei  qualitativen  und  quantitativen  Lothrohr-Untersuchungen^ 
in  the  Lothrohr-Tabelten  of  Hirschwald,  and  all  other  blowpipe 
books  that  I  have  met  with,  the  same  singular  omission  occurs. 
This  seems  to  bear  out  very  forcibly  the  somewhat  cynical 
adage  that  ''  books  are  made  from  books."  To  supply  the 
omission,  it  may  be  observed  that  bismuth  oxide  dissolves  in 
carbonate  of  soda  very  readily  in  an  oxidating  flame,  if  the 
supporting  agent  be  platinum  wire  or  other  non-reducing  body. 
The  glass  is  clear  yellow  whilst  hot,  but  on  cooling  it  assumes 
an  orange  or  yellowish-brown  colour,  and  becomes  pale-yellow 
and  opaque  when  cold.     As  regards  their  solubility  by  fusion 
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in  carbonate  of  soda,  metallic  oxides  fall  into  three  groups  : — 
(1)  Basil II  soluble,  e.g.  PbO,  BioOa,  BaO,  kc;  (2)  Sliyhtly 
or  partially  soluble,  e.g.  MuoOa  CoO,  &c.;  and  (3)  Insoluble, 
e.  g.  Fe203,  CeaOa,  NiO,  CaO,  MgO,  &c. 

Oil  the  Detection  of  Bromine  in  Bloupipe  Experiments. — 
When  fused  with  phosphor-salt  and  copper  oxide,  the  bromides, 
it  is  well  known,  impart  an  azure-blue  coloration  to  the  flame, 
much  like  that  produced  by  chlorides  under  similar  treatmeut, 
although  streaked  more  or  loss   with   green,  especially  at  the 
commencement  of  the  operation.     To  distinguish  these  bodies 
more  closely,  Berzelius  recommended  the  fusion   of  the  test 
substance  with  6  or  7  volumes  of  bisulphate  of  potash  in  a 
closed  tube.      Bromides   by   this  treatment   become    decom- 
posed, as   a   rule,  and  give   off  strongly   smelling  brownish 
or  yellowish-red  vapours  of  bromine.     But  this  process  does 
not  always  give  satisfactory  results,  as  in  some  instances  the 
bromide  is  very  slightly  attacked.     In  this  case,  the  following 
method,  based  on  a  peculiar  reaction  of  bromide  of  silver,  first 
pointed  out  by  Plattner,  may  be  resorted  to.     If  insoluble, 
the  bromide  is  fused  with  2  or  3  volumes  of  carbonate  of  soda. 
A  soluble  bromide  of  sodium  is  thus  formed,  with  separation  of 
the  base.     To  the  filtered  or  decanted  solution  of  the  fused 
mass  a  small  fragment  of  nitrate  of  silver  is  added,  in  order 
to  precipitate  bromide  of  silver.     This,  collected  by  decanta- 
tion,  is  fused  with  a  small  quantity  of  bisulphate  of  potash  in 
a  little  flask  or  test-tube.     The  bromide  of  silver  will  quickly 
separate  from  the  flux  in  the   form   of  a  blood-red   globule, 
which  becomes  pale-yellow  when   cold.     The  little  globule, 
washed  out  of  the  tube  by  dissolving  the  fused  bisulphate  in 
some  warm  water,  is  carefully  dried  by  being  rubbed  in  a 
piece  of  blotting  or  filtering  paper,  and  is  then  placed  in  the 
sunlight.     After  a  short  time  it  will  turn  green.     Chloride  of 
silver,  as  obtained  in  a  similar  manner,  melts  into  an  orange- 
red  globule,  which  changes  to  clear-yellow  on  cooling,  and 
finally  becomes  white,  or  nearly  so.     Placed  in   sunlight  it 
rapidly  assumes  a  dark-grey  colour.     Iodide  of  silver,  under 
similar  treatment,  forms  whilst  hot  an  almost  black  globule, 
which  becomes  amethyst-red  during  cooling,  and  dingy-yellow 
when  cold.     In  the  sunlight  it  retains  the  latter  colour.     A 
mixture  of  chloride  and  iodide  of  silver  assumes  a  greenish 
tint  somewhat  resembling  the  colour  acquired  by  the  bromide 
globule.    This,  however,  can  scarcely  give  rise  to  any  error,  as 
the  presence  of  iodine  is  revealed,  even   if  no  violet-coloured 
fumes    be   emitted,  by  the   dark  amethystine  colour  of  the 
bead  whilst  hot. 

On  the  Detection  of  Carbonates  in  Bloupipe  Practice. — A 
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mineral  substance  of  non-metallic  aspect,  in  nine  cases  out  of 
ten,  wiU  be  either  a  silicate,  sulphate,  phosphate,  borate,  car- 
bonate, fluoride,  or  chloride — more  especially  if  the  streak  be 
uncoloured  or  merely  exhibit  some  shade  of  green  or  blue,  or 
if  the  substance  evolve  no  fumes  when  heated  on  charcoal. 

Simple  fusion  with  phosphor-salt  on  a  loop  of  platinum  wire 
serves  at  once  to  distinguish  a  silicate  from  any  of  the  other 
bodies  enumerated  above,  as  whilst  the  silicate  is  but  slowly 
attacked,  these  other  bodies  are  readily  and  rapidly  dissolved. 
Among  the  latter,  again,  the  carbonates  are  distinguished 
without  risk  of  error  by  the  marked  effervescence  which  they 
produce  in  the  bead  by  the  evolution  of  carbonic  acid  during 
fusion,  the  phosphates,  sulphates,  &c.  dissolving  quietly.  The 
reaction  is  quite  as  distinctive  as  that  produced  by  the  appli- 
cation of  an  ordinary  acid  ;  but,  of  course,  it  may  arise  in  both 
cases  not  only  from  a  carbonate  proper,  but  from  the  presence 
of  intermixed  calcite  or  other  carbonate  in  a  silicate  or  other 
body.  It  was  by  its  use,  upwards  of  twenty  years  ago,  that 
the  writer  detected  the  presence  of  carbonate  of  lime  in  certain 
specimens  of  Weruerite  (the  "  Wilsonite  "  variety),  portions 
of  which  had  been  previously  analyzed  without  the  impurity 
having  been  discovered.  It  need  scarcely  be  stated  that  the 
test-substance  must  be  added  to  the  phosphor-salt,  on  the  pla- 
tinum loop,  only  after  the  quiet  fusion  of  the  flux  into  a  trans- 
pai-ent  glass.  The  reaction  is,  of  course,  manifested  equally 
well  with  borax*. 

On  the  Uselessness  of  Turner  s  Flux  as  applied  to  the  Detec- 
tion of  Boracic  Acid. — Many  years  ago  (about  1827  or  1828) 
Turner  proposed,  in  examining  a  body  for  the  presence  of  bo- 
racic acid,  to  mix  the  test-substance  mth  bisulphate  of  potash 
and  fluor-spar  (in  the  proportions  of  4^  parts  of  the  former  to 
1  part  of  the  latter),  and  to  expose  the  mixture  on  a  clean  pla- 
tinum wire  to  the  point  of  the  blowpipe  flame.  Fluoboric  acid 
is  thus  produced  ;  and  by  its  volatilization  a  momentary  green 
colour  is  imparted  to  the  edge  of  the  flame.  Merlet  recom- 
mends the  employment  of  3  or  4  parts  of  this  flux  to  1  part 
of  the  substance  under  examination.  This  test  is  much  quoted 
in  blowpipe  books  and  works  on  chemical  analysis  generally  ; 
but  it  is  altogether  superfluous.  With  borate  of  soda  it  fails 
entirely,  or  yields  very  unsatisfactory  results  ;  and  although  it 
answers  for  most  other  borates  and  for  borosilicates,  it  is  use- 
lessly applied  to  them,  because  these  bodies  colour  the  flame 

*  It  is  singular  that  tliis  very  marked  and  useful  reaction  should  not 
have  been  alluded  to  in  any  of  the  standard  treatises  on  blowpipe  prac- 
tice. The  only  work  known  to  the  writer  in  which  a  passing  reference  is 
made  to  it,  is  ithat  of  Hirschwald  {Lothrohr-  Tahellen),  published  in  1875, 
The  present  wi-iter  called  attention  to  it  in  1871. 
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equally  '^^cll  per  se.  Borzclius  seems  stranfjolv  to  have  over- 
looked the  coloration  of  tlic  flame  as  producecl  by  many  sub- 
stances under  l)lowpipe  treatment.  In  his  work  on  the  blow- 
pipe, for  example,  he  fails  to  notice  the  character  in  describing 
the  reactions  of  lepidolite,  sulphate  of  liaryta,  datolite,  tri- 
phylline,  and  other  minerals,  which  exhil)it  it  most  distinctly. 
Under  axinite,  moreover,  he  has  the  following;  statement  : — 
"  Turner  asserts  that  a  flame  tino;ed  oreen  l)v  boracic  acid  is 
obtained  by  the  aid  of  sulphate  of  ammonia  (or  bisulphate  of 
potash)  and  fluor  spar."  This  "  assertion  "  is  true  enough ; 
but  all  specimens  of  axinite  colour  the  Jlame  rjreen  per  se.  The 
uselessness  of  the  fluxAvas  pointed  out,  I  find,  by  Jkizengeiger 
as  long  ago  as  1829.  In  the  Annales  des  Mines  for  that  vear 
(tome  V.  p.  36),  he  states: — '^  J'ai  essaye,  pour  reconnaitre  la 
presence  de  I'acide  borique,  d'employer  le  flux  indique  par 
M.  Turner,  mais  ces  tentatives  ne  m'ont  pas  rcussi,  probable- 
ment  par  defaut  dhabitude.  Quoi  qu'il  en  soit,  tous  les  mine- 
raux  que  M.  Turner  a  vu  colorer  la  flamme  en  vert  en  les 
melant  avec  son  flux,  m'ont  donne  la  mcme  reaction  en  les 
introduisant  avec  quelque  soin  dans  la  flannne  bleue,  sans  les 
melanger  avec  aucun  reactif,"  Buzengeiger,  whose  name 
does  not  seem  to  bo  quoted  in  any  blowpipe  work,  a])pears  to 
have  first  proposed  the  sloping  the  blowpipe-wick  long  before 
it  was  adopted  by  Plattner ;  and  he  noticed,  at  the  same  early 
date,  that  the  crimson  coloration  of  the  strontium-flame  was 
entirely  obliterated  by  the  presence  of  barytic  compounds. 

On  the  Comportment  of  certain  Alloys  under  the  Action  of 
the  Blou-pipe. — In  examining  these  reactions,  about  equal 
portions  of  the  metals  (forming  the  alloy)  may  be  placed 
together  on  charcoal,  and  subjected  to  the  action  of  a  reducing 
flame. 

1.  Platinum  and  Tin  unite  with  violent  deflagration  and 
emission  of  light,  forming  a  hard,  brittle,  and  infusible 
globule. 

2.  Platinum,  Zinc  and  Tin  unite  with  violent  action,  the 
zinc  throwing  ofi'  long  flakes  of  oxide. 

8.  Platinmn  and  Zinc,  per  se,  do  not  combine,  the  zinc 
burning  into  oxide. 

4.  Platinum  and  Lead  unite  quietly,  forming  a  brittle 
globule. 

n.  Platinum  and  Thallium  unite  quietly;  the  resulting 
globule  is  dark  externally,  grey  internally,  and  quite  brittle. 

6.  Platinum  and  Bismuth  unite  quietly,  or  with  merely 
slight  spitting,  into  a  dark  brittle  globule. 
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7.  Platinum  and  Copper  combine  quietly,  though  not  very 
readilv,  into  a  hard,  light-coloured,  malleable  globule. 

8.  Platinum  and  Silver  unite  quietly,  but  not  very  readily 
unless  the  silver  be  greatly  in  excess,  into  a  white  malleable 
globule. 

9.  Platinum  and  Gold  unite  quietly,  forming  (if  the  gold 
be  somewhat  in  excess)  a  yellow  malleable  globule. 

10.  Gold  and  Tin  unite  quietly  into  a  very  brittle  globule. 

11.  Gold  and  Zinc  do  not  combine  per  se  ;  the  zinc  burns 
into  oxide. 

12.  Gold  and  Lead  combine  quietly,  forming  a  grey  brittle 
bead. 

13.  Gold  and  Thallium  unite  quietly,  but  separate  again  to 
some  extent  during  cooling.  The  globule  may  thus  frequently 
be  flattened  out,  but  not  without  cracking  at  the  sides.  If 
the  metals  remain  united,  the  button  is  dark  blackish  grey  and 
quite  brittle. 

14.  Gold  and  Bismuth  unite  quietly  and  readily,  forming 
a  very  brittle  globule. 

15.  Gold  and  Copper,  and  16.  Gold  and  Silver,  unite  and 
form  a  malleable  globule. 

17.  Silver  and  Tin  unite  quietly  into  a  malleable  globule. 

18.  Silver  and  Lead  unite  readily  into  a  malleable  globule. 

19.  Silver  and  Thallium  combine  readily;  globule  mal- 
leable. 

20.  Silver  and  Bismuth  unite  readily  and  quietly :  the 
globule  is  brittle,  but  admits  of  being  slightly  flattened  out. 

21.  Silver  and  Copper,  and  22.  Silver  and  Gold,  form 
malleable  globules.  The  gold  alloy,  even  with  gold  largely 
in  excess,  is  quite  white.  If  it  be  flattened  out  and  heated 
in  a  platinum  spoon  ^-ith  some  bisulphate  of  potash,  it  will 
become  yellow  from  the  silver  on  the  surface  being  dissolved. 
On  remelting  the  flattened  disk,  a  silver-white  globule  is 
again  obtained. 

23.  Copper  and  Tin  unite  into  a  grey  and  partially  mal- 
leable bead,  the  surface  of  which,  in  the  oxidizing  flame, 
becomes  more  or  less  thickly  incrusted  with  cauliflower-like 
excrescences  of  oxide. 

24.  Copper  and  Zinc  do  not  unite  "per  se  into  a  globule,  the 
zinc  burning  into  oxide.  Under  carbonate  of  soda,  or  carbo- 
nate of  soda  and  borax,  brass  is  readily  formed. 

25.  Copper  and  Lead  form  a  dark-grey  globule,  which  is 
sufflcientlv  malleable  to  admit  of  being;  extended  on  the  anvil. 

26.  Copper  and  Thallium  melt  into  a  dark-grey  malleable 
globule. 

27.  Lead  and  Tin  unite  readily  ;  but  the  globule  commences 
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immediately  to  oxidize,  throwing  out  excrescences  of  white 
and  yellow  oxide.  On  removal  from  the  flame  it  still  con- 
tinues in  ignition,  and  pushes  out  further  excrescences.  The 
unoxidized  internal  portion  (if  any  remain)  is  malleable. 

28.  Lead  and  Bismuth  miite  readily  :  the  molten  globule 
acquires  a  thin  dark  coating  of  oxide  on  the  surface  only,  and 
admits  of  being  flattened  out,  more  or  less,  upon  the  anvil. 

29.  Lead  and  Thallium  form  a  malleable  globule. 

30.  Bismuth  and  Tin  unite  readily  ;  but  the  fused  mass 
immediately  throws  out  excrescences,  and  becomes  covered 
with  a  dense  crust  of  oxides.  The  reaction,  however,  is  not 
so  striking  as  with  lead  and  tin. 

3L  Thallium  and  Tin  exhibit  the  same  reaction  as  lead  and 
tin  :  but  the  caulitlower-like  excrescences  are  brownish  black. 
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April  6,  1876. — Dr.  J.  Dalton  Hooker,  C.B.,  President,  in  the 

Chair. 

'T^HE  following  paper  was  read : — 

-*-      "  Experiments  on  the  Friction  between  Water  and  Air."     By 
Dr.  Eitter  von  Lang. 

The  method  adopted  for  estimating  the  mutual  friction  of  water 
and  air  consisted  in  connecting  a  glass  tube  of  8  centims.  length 
and  0-72  internal  diameter  with,  the  pipes  which  supply  Vienna 
with  water  at  a  pressure  of  four  atmospheres.  Arrangements 
for  securing  a  vertical  position  for  the  tube  ensure  a  perfectly 
continuous  jet,  devoid  of  any  broken  surface ;  and  a  glass  tube 
surrounding  this  jet,  with  its  axis  coinciding  with  that  of  the  jet, 
acts  as  an  aspirator,  into  and  along  which  air  is  drawn  through  a 
lateral  feeding-tube.  The  amount  of  this  indrawn  air  correspond- 
ing to  the  fall  of  a  given  amount  of  water  was  determined  by 
observing  the  rate  at  -which  a  film  of  soap  was  borne  along  the 
feeding-tube ;  and  the  velocity  of  the  water  causing  the  indraught 
was  calculated  from  the  diameter  of  the  water  column  and  the 
quantity  of  water  discharged  along  it  in  a  given  time  ;  but  after 
having  once  determined  the  form  of  the  shghtly  conical  water 
column,  the  amount  of  water  discharged  was  the  only  datum  re- 
quired for  the  calculation. 

The  influence  of  a  greater  or  less  section  of  the  air-  feeding- 
tube  on  the  volume  of  the  aspirated  air  was  carefully  determined, 
while  also  the  absence  of  any  appreciable  retardation  due  to  the 
soap  lilm  was  estabhshed. 
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Neglecting  the  slightly  conical  character  of  the  surface  of  the 
water  column,  and  assuming  (as  the  result  of  experiments  in  which 
the  motion  of  a  smoke  cloud  was  observed)  that  the  movement 
of  the  air  was  throughout  in  Knes  parallel  to  the  axis  of  the  tube 
along  which  it  flowed,  and  showing  that  the  pressure  does  not  vary 
along  the  length  of  the  tube,  the  author  proceeds  to  discuss  the 
hydrodynamic  equations  expressing  the  conditions  of  the  problem 
(the  motion  of  the  air  being  uniform  and  independent  of  time),  and 
represents  the  volume  of  air  A  passing  through  the  tube  in  a  second 
as  : — 

^=^  [2,-^(log  E-log  >•)" ^  J  ' 

"W  being  the  weight  of  water,  in  grammes,  discharged  in  a  second, 
r  the  radius  of  the  jet  in  turns  of  the  micrometer-screw  (6-8 
turns  of  which  correspond  to  1  centim.),  E  being  the  radius  of  the 
aspirating  tube. 

The  results  obtained  by  observation  accorded  well  with  those 
given  by  this  equation,  so  long  as  the  value  of  E  did  not  exceed 
the  limit  -ndthin  which  the  suppositions  regarding  the  motion  of 
the  air  hold  good. 

The  question  was  considered  whether  the  results  might  not  be 
brought  into  even  closer  accord  with  theory  by  the  assumption 
that  a  slipping  action  takes  place  between  the  air  and  the  water- 
jet  on  the  one  hand,  and  between  the  air  and  the  tube  on  the  other, 
instead  of  the  assumption  previously  made  that  the  air  adhered  alike 
to  the  water  and  to  the  tube  in  its  passage.  The  result  of  the 
calculation,  however,  led  to  no  nearer  approximation;  and,  finally, 
experiments  with  other  materials  for  the  tube  and  other  gases 
(namely,  coal-gas  and  carbonic  anhydride)  were  made,  without  re- 
sulting in  any  marked  difEerence  from  the  results  obtained  with  air 
and  glass. 

May  4. — Capt.  F.  J.  O.  Evans,  E.N.,  C.B.,  Vice-President,  in  the 

Chair. 

The  following  paper  was  read  : — 

"  On  the  Absorption-Spectra  of  Bromine  and  Iodine  Monochloride." 
By  H.  E.  Roscoe,  F.E.S.,  and  T.  E.  Thorpe. 

The  paper  contains  the  results  of  an  exact  series  of  measure- 
ments of  the  absorption-spectra  of  the  vapours  of  the  element 
bromine  and  of  the  compound  iodine  monochloride,  made  with  the 
object  of  ascertaining  whether  the  molecules  of  these  two  gases 
^ibrate  identically  or  similarly,  their  molecular  weights  and  colour 
of  the  vapours  being  almost  identical.  The  two  spectra,  which  are 
both  channelled,  were  compared  simultaneously  by  means  of  one 
of  Kirchhoff 's  4-prism  spectroscopes,  the  position  of  the  lines  being 
read  off  by  reflection  on  an  arbitrary  scale.  In  order  to  determine 
the  wave-lengths  of  these  bands,  the  wave-length  of  each  of  27 
air-liues  lying  between  the  extremes  of  the  absorption-spectra  was 
ascertained  by  reference  to  Thalen's  numbers  ;  whilst  for  the  pur- 
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pose  of  reducing  the  readings  of  the  absorption-bands  to  wave- 
lengths a  graphical  method  was  employed,  the  details  of  which  are 
given  in  the  paper.  This  method  appears  to  be  one  of  general 
applicability  for  the  plotting  of  spectra. 

Tables  then  follow  giving  the  wave-lengths  of  66  bands  of 
each  absorption-spectrum ;    and  a  map  accompanies  the  text,  in 

which  the  bands  are  drawn  to  a  scale  one  half  that  of  Angstrom's 
"  Spectre  Normal." 

A  careful  comparison  of  these  Tables  and  of  the  map  shows  that, 
although  both  spectra  contain  a  large  number  of  lines  which  are 
nearly  coincident,  the  spectra  as  a  whole  are  not  identical,  either 
when  the  vapours  are  examined  at  high  or  low  temperatures,  or 
when  the  lengths  of  the  columns  of  absorbing  gas  are  varied. 
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June  21,  1876.— Prof.  P.  Martin  Duncan,  M.B.,  F.R.S.,  President, 
in  the  Chair. 

The  following  communications  were  read : — 

5.  "  On  the  Discovery  of  Plants  in  the  Lower  Old  Red  Sandstone 
of  the  Neighbourhood  of  Callander."  By  R.  L.  Jack,  Esq.,  F.G.S,, 
and  R.  Etheridge,  Jun.,  Esq.,  F.G.S. 

6.  "  On  an  adherent  Form  of  Productiis  and  a  small  Spiriferina 
from  the  Lower  Carboniferous  Limestone  Group  of  the  East  of 
Scotland."     By  R.  Etheridge,  Jun.,  Esq.,  F.G.S. 

7.  Notice  of  the  occurrence  of  remains  of  a  British  fossil  Zeurjlodon 
(Z.  Wanl-hpii,  Seeley)  iu  the  Barton  Clay  of  the  Hampshire  coast." 
By  Harry  Govier  Seeley,  Esq.,  F.L.S.,  F.G.S. 

8.  "  On  the  remains  of  Emys  hordwelhnsis,  from  the  Lower 
HordweU  beds  in  the  HordweU  Cliff."  Bv  Harry  Govier  Seeley, 
Esq.,  F.L.S.,  F.G.S. 

9.  "  On  an  associated  Series  of  cervical  and  dorsal  Tertebroe  of 
Polyptycliodon  from  the  Cambridge  Upper  Greeusand."  By  Harry 
Govier  Seeley,  Esq.,  F.L.S.,  F.G.S. 

10.  "  On  Crocodihts  icenicus  (Seeley),  a  second  and  larger  spe- 
cies of  Crocodile  from  the  Cambridge  Upper  Greensand."  By  Harry 
Govier  Seeley,  Esq.,  F.L.S.,  F.G.S. 

11.  "  On  Ma  cno'osaurus  semnvs  (Seeley),  along-tailed  animal  with 
procoelous  vertebrae,  from  the  Cambridge  Upper  Greensand."  By 
Harry  Govier  Seeley,  Esq.,  F.L.S.,  F.G.S. 
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13.  "  Oa  the  Metamorphic  Eocks  surrounding  the  Land's-End 
mass  of  Grauite."     By  S.  Allport,  Esq.,  E.G.S. 

In  this  paper  the  author  described  the  results  of  a  microsoopic  ex- 
amination of  certain  metamorphic  rocks  suiTOundiug  the  Land's-End 
granite,  indicating  the  changes  produced  by  the  intrusion  of  the 
latter  upon  clay  slate  and  upon  certain  igneous  rocks.  The  slates 
in  contact  with  granite  become  converted  into  tourmaHne-  and  mica- 
schists,  and  are  found  to  contain  crystalline  quartz,  tourmaline,  and 
three  distinct  varieties  of  mica,  with  occasionally  tremolite,  magne- 
tite (and  andalusite?),  and  in  some  localities  felspar.  Their  struc- 
ture is  also  changed,  the  most  remarkable  changes  being  foUation, 
with  every  gradation  from  nearly  straight  parallel  lines  to  the  most 
complicated  contortions — and  concretionary  structui'e  by  segregation 
of  quartz  and  mica,  the  result  being  a  spotted  schist.  The  strata  near 
the  granite  contain  far  more  quartz  than  those  at  a  distance ;  and 
the  author  thought  that  there  could  be  no  doubt  that  much  of  the 
quartz  has  been  derived  directly  from  the  intruded  rock.  He  referred 
particularl}'  to  the  fluid-cavities  contained  in  the  quartz  of  the  gra- 
nite, schorl-rock,  and  altered  slates,  and,  from  his  observations 
upon  them,  stated  that  he  was  compelled  to  dissent  from  the  views 
of  Mr.  Sorby,  inasmuch  as  he  found  no  uniformity  to  prevail  in  the 
relative  sizes  of  the  bubbles  and  fluid-cavities  in  the  quartz  crystals 
belonging  to  precisely  the  same  portion  of  rock,  or  even  in  the  same 
crystals.  Hence  he  regarded  it  as  impossible  to  arrive  at  even  an  ap- 
proximate estimate  of  either  the  temperature  or  the  pressure  under 
which  a  given  rock  was  formed  from  a  consideration  of  such  charac- 
ters. The  author  next  described  the  characters  and  mode  of  occur- 
rence of  toui'maliue  both  in  the  granite  and  in  the  schorl- rock,  and 
inferred  that  at  the  separation  of  the  latter  from  the  former  the 
whole  mass  was  in  a  plastic  state,  and  that  then  the  tourmaline  and 
quartz  became  crystallized  in  an  order  varying  in  accordance  with 
varying  conditions.  He  also  noticed  the  alteration  of  tourmaline  pro^ 
ducing  pseudomorphs  of  that  mineral ;  and  stated  that  while  all  the 
three  varieties  of  mica  found  distinctly  furnish  the  red  hthium-line 
when  treated  spectroscopically,  this  is  most  strongly  marked  and  per- 
sistent in  the  white  variety,  which  is  probably  a  typical  lepidoHte. 

The  altered  dolerites  and  basalts  described  by  the  author  in  the 
remainder  of  his  paper  are  marked  as  "  Greenstones  "  on  the  map  of 
the  Geological  Survey.  They  were  stated  to  vary  in  colour  from 
dark  bluish  green  to  dark  brownish  green,  and  in  texture  from 
coarsely  crystalline  rocks,  not  fissile  in  any  direction,  to  fine-grained 
or  compact  rocks  with  an  imperfect  slaty  cleavage.  The  coarsely 
crj-stalline  rocks  are  regarded  by  the  author  as  altered  dolerites,  and 
some,  if  not  all,  of  the  more  compact  varieties  as  originating  from 
fine-grained  basaltic  portions  of  the  same  rocks.  The  author  was 
unable  to  decide  whether  these  masses  are  contemporaneous  and  in- 
terbedded,  or  intrusive  sheets  (both  may  be  present)  ;  but  in  any 
case  they  are  older  than  the  granite.  He  described  in  some  detail  the 
structure  of  specimens  of  these  altered  rocks  from  many  localities, 
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the  microscopic  examination  of  which  shows  that  the  pyroxenic 
mineral,  whether  augite  or  diallage,  has  frequently  been  con- 
verted into  a  hornblendic  substance,  and  that  actinolite  is  found 
filling  cavities  and  fissures  in  precisely  the  same  manner  as  other 
products  of  alteration.  The  imperfect  cleavage  of  the  more  compact 
varieties  is  regarded  by  the  author  as  in  accordance  with  the  facts 
observed  in  typical  slates.  The  metamorphism  of  the  dolerites  is 
regarded  by  him  as  different  in  kind  from  that  of  the  slates,  and 
caused  rather  by  a  decomposition  and  rearrangement  of  mineral 
substances  in  situ  than  by  an  introduction  of  new  material ;  in 
many  cases  the  process  of  alteration  may  be  followed  step  by  step ; 
and  from  the  evidence  it  would  appear  that  two  rocks  of  similar  ori- 
gin and  composition  may  follow  two  different  lines  of  metamorphosis, 
and  thus  become  converted  into  two  totally  different  substances  ;  and, 
again,  many  of  the  metamorphic  rocks  have  undergone  a  second  series 
of  changes,  brought  about  chiefly  by  chemical  forces,  and  indicated 
by  the  occurrence  of  micaceous  and  chloritic  pseudomoi-phs  after 
tourmaline  and  an  alteration  (hydration)  of  the  mica. 

With  regard  to  the  origin  of  the  granite  of  Cornwall,  the  author 
said  that  neither  observation  in  the  field  nor  microscopical  study 
lends  any  support  to  the  notion  that  it  is  a  metamorphic  rock — 
but  on  the  contrary,  that  there  is  the  clearest  e^'idence  of  former 
deep-seated  volcanic  action  in  the  disturbance  and  alteration  de- 
scribed in  his  paper,  and  in  the  enormous  number  of  granitic  and 
felsitic  dykes  intersecting  the  country  for  miles.  The  mode  of  oc- 
currence of  granite  in  other  localities  also  seems  to  him  to  fur- 
nish evidence  in  the  same  direction. 

14.  "  On  the  relation  of  the  Upper  Carboniferous  strata  of  Shrop- 
shire and  Denbighshire  to  beds  usually  described  as  Permian."  By 
D.  C.  Davies,  Esq.,  F.G.S. 

The  author  described  sections  obtained  at  the  Ifton  Eh^Ti  Col- 
lieries and  other  places  in  the  neighbourhood,  and  compared  these 
with  other  sections  displayed  in  diftcreut  parts  of  England  and 
the  continent,  and  also  in  Nova  Scotia,  and  stated  his  conviction 
that  from  the  S2}irorhis-]imestone  upwards,  to  and  including  the 
Permian,  we  have  one  continuous  series  of  deposits.  He  maintained 
that  there  is  no  real  general  break  in  the  sequence  of  the  strata  or 
in  the  continuity  of  life,  but  only  local  un  conform  abilities  marked 
by  equally  local  gaps  in  the  succession  of  life. 

15.  "  Notes  on  the  Phvsical  Geographv  and  Geology  of  Xorth 
Gippsland.  Victoria."     By  A.  AV.  Howitt,  "Esq.,  F.G.S. 

The  earliest  formation  of  which  any  trace  is  left  in  this  district  is 
the  Silurian — all  traces  of  any  older  rocks  being  removed,  probably 
by  the  same  agencies  whi^h  have  contorted  and  metamorphosed  the 
Silurian  slates  and  sandstones.  The  surface  of  all  these  Silurian 
strata  shows  signs  of  great  denudation  previous  to  the  deposition  of 
the  Devonian.     The  period  that  elapsed  between  these  two  epochs 
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was  one  of  volcanic  activity,  apparently  subaerial  and  terrestrial, 
and  representing  the  Lower  Devonian.  The  Middle  Devonian  strata 
consist  of  shales  and  sandstones  devoid  of  any  traces  of  volcanic 
action,  which,  however,  again  becomes  apparent  in  the  Upper  De- 
vonian. The  latter  consists  of  conglomerates,  sandstones,  and  shales, 
interstratified  with  aqueous  deposits.  The  prevailing  red  colour 
of  these  beds  the  author  suggests  may  possibly  indicate  lacustrine 
rather  than  marine  conditions. 

The  next  in  the  series  of  deposits  present  in  Xorth  Gippsland  are 
of  Tertiary  age,  and  rest  horizontally  on  the  flanks  of  the  mountains 
at  elevations  nowhere  exceeding  1000  feet.  At  the  close  of  the 
Miocene  and  at  the  commencement  of  the  Pliocene  period  the  land 
probably  was  from  300  feet  to  400  feet  lower  than  at  present. 

The  fact  that  different  genera  of  fish  are  found  in  the  streams 
flowing  from  the  north  and  south  sides  of  the  Australian  Alps 
indicate  the  high  antiquity  of  that  watershed.  These  mountains 
have  been  formed  by  the  gradual  elevation  of  the  land  en  mass::,  and 
its  equally  gradual  erosion  by  the  streams  and  rivers. 

16.  "  Further  Xotes  on  the  Diamond-Fields  &c.  of  South  Africa." 
By  E.  J.  Dunn,  Esq. 

These  notes  are  intended  to  serve  as  additions  and  corrections  to 
the  author's  paper  read  in  1873. 

Further  mining  operarions  at  De  Beer's  show  that  the  "  pipes  " 
are  more  recent  than  the  sheet  of  dolerite  and  other  intrusive  rocks 
surrounding  them.  At  this  mine  the  only  instance  of  a  dyke  tra- 
versing the  "  pipe"  occurs.  Though  the  rock  composing  it  was  too 
much  decomposed  to  be  determined,  it  was  still  quite  distinct.  As 
the  mines  are  worked  out  they  disclose  a  fonn  less  circular  than  at 
first  supposed. 

The  first  eff"ect  of  the  disruptive  force  was  to  cause  a  rent  in  the 
rocks,  the  sides  of  which  were  afterwards  torn  away  in  the  weaker 
parts  by  the  intrusive  rock  until  the  present  form  resulted. 

The  "  cores  or  pipes  "  have  decomposed  downwards,  being  darker- 
coloured  and  less  decomposed  at  80  or  100  feet  from  the  surface  and 
towards  the  centres.  Several  small  freshwater  shells  were  dis- 
covered in  Kimberley  Mine,  in  an  apparently  undisturbed  deposit. 

Gold  is  mined  for  at  Leydenburg  and  Eersteling,  in  the  Trans- 
vaal Eepublic.  The  rocks  in  which  it  occurs  are  generally  barren- 
looking,  and  vary  very  much  in  strike.  The  alluvial  gold  at  Leyden- 
burg has  doubtless  been  supplied  from  two  distinct  sources ;  it  is 
coarse  and  nuggetty  as  a  rule,  well  rounded,  and  generally  coated 
with  oxide  of  iron.  Lumps  up  to  10  lbs.  weight  have  been  found; 
it  is  of  good  quality,  worth  from  76  fr.  to  80  fr.  per  oz.  The  auri- 
ferous rocks  at  Eersteling  are  steatitic  and  chloriric  schist  resting 
on  gneiss,  and  overlain  by  rocks  which  at  Leydenburg  are  auriferous. 

Cobalt  is  found  near  Oliphant  Eiver,  in  fine-grained  felsite  rocks. 
It  does  not  occur  in  lodes,  but  in  small  threads  and  lenticular  veins, 
running  parallel  to   a  dyke  of  fine-grained  dolerite.     The  widest 
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vein  of  ore  was  8  inches  thick.    More  than  100  tons  of  ore  have  been 
sent  to  London. 

17.  "On  Chesil  Beach,  Dorsetshire,  and  Cahore  Shingle  Beach, 
Co.  Wexford."     By  G.  H.  Kinahan,  Esq.,  M.ll.I.A.,  &c. 

The  author  carefully  compares  the  situations,  structures,  &c.  of 
these  two  shiuglc  beaches,  and  points  out  that  their  wonderful 
similarity  is  due  to  nearly  the  same  natural  causes  in  each  case,  but 
that  at  Chesil  the  di'iftago  is  due  to  the  tlow-tide  current  aug- 
mented by  waves  caused  by  the  prevailing  winds,  while  at  Cahore 
the  driftage  is  solely  due  to  the  flow-tide  currents,  its  eflects  being 
moditicd  bj-  adverse  wind-waves.  The  sorting  of  the  pebbles  on 
Chesil  Beach  is  probably  chiefly  caused  by  the  progressive  increase 
in  the  velocitj'  of  the  tidal  current  as  it  approaches  the  nodal  or  hinge- 
line  of  the  tide  in  the  EugUsh  Channel.  The  author  considers  that 
the  current  due  to  the  flow  of  the  tide  has  greater  drifting-power 
than  wind-waves. 

IS.  "  Some  recent  Sections  near  Xottingham."  By  the  Eev.  A. 
Ir^-ing,  B.A.,  B.Sc,  F.G.S. 

The  author  describes  a  section  of  the  strata  exposed  during  the 
recent  construction  of  a  railway  line  from  Carlton,  three  miles  to  the 
east  of  Nottingham,  through  Daybrook,  to  Kimberley. 

The  section  commences  in  the  Upper  Keuper ;  the  Lower  Keuper 
(Watcrstones)  are  penetrated  at  a  shoii  distance  from  the  village  of 
Gedling.  These  beds  are  well  shown  as  the  cutting  enters  the 
plateau  known  as  the  "  Mapperley  Plains,"  and  consist  of  a  series  of 
alternating  red  marls  and  sandstones.  One  of  the  sandstone-beds 
is  nearly  white  ;  and  hollows  varying  in  size  from  that  of  a  pea  to 
that  of  a  fowl's  egg  are  of  frequent  occurrence.  These  are  pro- 
bably due  10  the  dissolving  out  of  small  calcareous  concretions. 
This  bed  occurs  high  up  in  the  "Waterstone  scries.  The  total  thick- 
ness of  the  Lower  Iveuper  may  be  estimated  at  about  100  feet.  At 
about  one  quarter  of  the  height  from  the  bottom  ripple-marks  are 
abundant ;  sun-cracks,  rain-pittings,  and  pseudomorphs  also  occur ; 
but  as  yet  no  footprints  have  been  found. 

The  line  then  crosses  about  3  miles  of  Bunter  country.  In  the 
upper  portion  of  the  scries  the  pebble-beds  appear  to  be  wanting, 
and  their  place  is  taken  by  a  series  of  thinly  laminated,  micaceous, 
whitish,  false-bedded  sandstones.  These  are  succeeded  by  marine 
conglomeratic  beds,  which  extend  for  some  distance.  A  mile  further 
west  the  sandstones  become  softer,  and  assume  a  more  mottled  ap- 
pearance, which  they  retain  all  the  way  to  the  Leen  valley,  where 
the  base  of  the  Bunter  is  hidden  by  alluvium. 

The  cutting  then  passes  through  an  outlier  of  Lower  Bunter  and 
L'pper  "  Pennian  "  Sandstone.  Two  faults  occur  at  this  spot,  by 
the  first  of  which  the  Permian  is  thrown  down  several  yards,  whilst 
by  the  second  it  is  let  down  below  the  level  of  the  railway. 

Near  the  village  of  Watnall  a  tunnel  pierces  the  ilagnesian  Lime- 
stone and  the  Coal-measures.     This  junction  is  distinctly  uncon- 
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formable,  the  Permian  formation,  being  nearly  horizontal,  and  the 
Coal-measures  dipping  at  an  angle  of  15°  to  the  north-east.  At  the 
western  end  of  the  tunnel  another  fault  lets  down  the  Permian 
12  feet ;  the  Coal-measures  are  consequently  lost  to  sight,  until  again 
brought  up  by  another  fault  on  the  other  side  of  the  village.  The 
author  considers  that  the  Permian  strata  are  closely  related  to  the 
overlying  Trias,  and  are  unconformable  to  the  Coal-measures. 

Here  and  there  patches  of  drift  were  met  with,  but  almost  en- 
tirely in  the  Bunter  country,  owing  to  the  friable  nature  of  that 
deposit.  These  patches  are  probably  the  remnants  of  a  drift  once 
more  widely  spread. 

Traces  of  drift  on  the  Kexiper  country  are  remarkably  few.  Two 
patches  have  been  preserved  by  a  fault  on  the  north-eastern  side  of 
Nottingham. 

In  a  cutting  on  a  new  line  of  the  Midland  Eailway  it  is  found 
that  the  Avicida-contorta  shales  have  been  removed  by  evident 
glacial  action,  and  redeposited  among  other  materials  on  the  planed 
and  striated  surface  of  the  indurated  greenish-grey  marls  of  the 
lowest  Ehaetic  strata. 

19.  "  On  the  Permians  of  the  Xorth-east  of  England  and  their 
Relations  to  the  under-  and  overlying  Formations."  By  E.  '\\'ilson, 
Esq.,  F.G.S. 

The  author  describes,  as  follows,  the  same  section  as  that  noticed 
in  the  preceding-  paper : — Lower  Bunter,  30  feet ;  breccia  of  various 
slates  and  grits  <i:e.,  underlain  by  red  and  yellow  mottled  and  grey 
sandstones,  oonsidered  by  the  author  to  be  passage-beds  between 
the  Bunter  and  the  Permian  formations ;  these  are  followed  by 
ordinary  Permian  marls,  21  feet ;  Magnesian  Limestone,  33  feet ; 
slate-coloured  thin-bedded  sandstones  and  shales,  with  a  breccia  at 
the  base,  19  to  20  feet.  The  breccia  rests  in  a  series  of  ven,-  gentle 
imdulations  on  a  planed-off  surface  of  Coal-measure  shales  which  dip 
in  a  north-easterly  direction  at  an  angle  of  15°,  This  unconformity 
between  the  Coal-measures  and  the  almost  horizontal  Permians  is 
most  pronounced,  a  fact  long  ago  pointed  out  by  Prof.  Sedgwick,  and 
tends  to  confirm  the  supposition  of  the  pre-Permian  elevation  and 
denudation  of  the  Penine  axis. 

The  author  considers  the  breccia  at  the  base  of  the  Permian,  and 
possibly  that  of  the  Lower  Bunter,  to  be  of  glacial  origin.  The 
paucity  of  Hfe  in  the  intervening  beds  might  thus  be  accounted  for. 

20.  "  The  Section  at  High  Force,  Teesdale."  By  C.  T.  Clough, 
Esq.,  B.A.,  F.G.S. 

The  section  described  by  the  author  (in  descending  order)  is  as 
follows: — Basalt,  24  feet;  altered  shale,  1|  foot;  basalt,  6  feet ; 
altered  shale,  12  feet;  limestone,  32  feet.  The  second  stratum  of 
basalt  has  been  erroneously  described  in  Phillips's  '  Geology  of  York- 
shire '  as  "  plate  "  or  shale,  whereas  it  is  merely  an  underflow  of  the 
basalt.     About  20  yards  below  the  Force  the  lower  and  iatercalated 
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layer  of  basalt  has  entirely  disappeared.  These  intercalated  (not 
interstratified)  beds  of  volcanic  rock  are  common  throughout  the 
district,  and  tend  to  prove  the  irruptive  nature  of  the  Whin  Sill,  as 
maintained  by  the  late  Prof.  Sedgwick. 

21.  "  The  Distribution  of  FHnt  in  the  Chalk  of  Yorkshire."  By 
J.  R.  Mortimer,  Esq. 

The  author  considers  that  the  present  shape  of  the  Chalk  Wolds  of 
Yorkshire  seems  to  suggest  that  they  are  the  remains  of  an  atoll  or 
circular  reef,  probably  one  of  a  chain,  rather  than  the  fragment  of  a 
vast  sheet  of  Cretaceous  mud  deposited  in  deep  water.  He  thinks 
that  the  flint-bearing  and  non-flint-bearing  chalk  areas  are  in  the 
main  contemporaneous  in  Yorkshire.  The  chalk  without  flint  con- 
tains 4-28  per  cent,  of  silica,  whilst  the  chalk  "SAdth  flint  contains  only 
2-12  per  cent. 

22.  "  On  the  Mode  of  Occurrence  and  Derivation  of  Beds  of 
Drifted  Coal  near  Corwen,  IS^orth  Wales."  ByD.  Mackintosh.  Esq., 
F.G.S. 

Resting  on  the  lowest  drift,  which  here,  at  an  elevation  of 
500-600  feet  above  the  level  of  the  sea,  consists  of  yellowish  clay 
alternating  with  beds  of  coarse  gravel,  is  a  deposit  of  clean  sand  and 
fine  gravel,  containing  streaks  and  layers  of  coal,  which  varies  in 
form  from  fine  dust  to  large  lumps.  The  fine  gravel  appears  to  be 
entirely  made  up  of  local  micaceous  Silurian  grit. 

The  glacial  strife  run  in  a  W.S.W.  direction,  and  at  first  led  the 
author  to  infer  that  the  coal  had  been  drifted  from  that  quarter. 
This,  however,  would  have  involved  the  supposition  that  a  portion  of 
the  Coal-formation  in  situ  had  been  faulted  down  on  the  top  of  the 
remarkable  outlier  of  Mountain  Limestone  which  occurs  about  a 
mile  and  a  half  west  of  Corwen.  The  author  is  therefore  now  of  the 
opinion  that  the  coal  was  drifted  from  the  Ruabon  district  during  a 
comparatively  temperate  interglacial  period.  The  land  not  being 
submerged  beyond  a  few  hundred  feet,  it  was  floated  along  the  sinu- 
osities of  the  valley  of  the  Dee,  and  stranded  in  the  shallow  water  of 
the  Corwen  area.  Hence  the  transportation  of  debris  may  at  times 
have  taken  place  in  a  direction  diametrically  opposite  to  that  of  the 
glaciation  of  a  district. 

23.  "  The  Cephalopoda-beds  of  Gloucester,  Dorset,  and  Somerset." 
By  J.  Buckman,  Esq.,  F.G.S. 

The  author  considers  the  Cephalopoda-beds  of  Bradford  and 
Dundry  to  be  on  the  same  horizon,  and  that  neither  the  one  nor  the 
other  have  the  slightest  connexion  with  the  Cephalopoda-bed  of 
Gloucestershire.  The  Dorsetshire  Cephalopoda-bed  is  the  equivalent 
of  the  "  Gryphite  Grit "  at  Leckhamptou  ;  and  the  overlying  roughly 
bedded  stone  is  the  representative  of  the  "  Trigonia  Grit "'  of  Cold 
Comfort.  The  Gloucestershire  Cephalopoda-bed  lies  at  the  base  of 
the  Inferior  Oolite,  whilst  the  Dorsetshii-e  bed  is  at  the  top  of  that 
formation. 
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Part  of  the  sands  at  Bradford  Abbas  really  represent  the  lower- 
oolitic  mass  of  Leckhampton  and  Ciickley ;  in  fact  the  Dorset  sands 
represent  the  lower  freestones  of  Gloucestershire.  The  beds  under- 
lying the  Dorsetshire  Cephalopoda-bed  are  the  equivalents  of  the 
Inferior  Oolite  of  Ham  Hill. 

The  author  gives  lists  of  the  fossils  from  the  freestone  of  Ham 
Hill,  and  of  the  Cephalopoda  from  the  Dorset  equivalent  of  the 
"  Gryphite  Grit."'  The  latter  do  not  appear  in  zones ;  but  dif- 
ferent species  are  prevalent  at  different  localities,  all  on  the  same 
horizon.  The  other  fossils  from  this  bed  point  to  the  same  con- 
clusions, as  the  Ammonites  are  numerous  and  in  good  preservation. 

24.  "  Evidence  of  the  Subsidence  of  the  Island  of  Guernsey." 
By  E,  A.  Peacock,  Esq.,  C.E.,  F.G.S. 

All  round  the  coast  of  this  island,  like  that  of  Jersey,  are  found 
tree-trunks  and  other  vestiges  of  old  forest-land  now  submerged.  Pas- 
sages are  quoted  by  the  author  from  various  old  historians  relative 
to  the  former  existence  of  this  tract  as  dry  land,  the  submergence  of 
"which  probably  took  place  in  the  fifteenth  century.  The  encroach- 
ment of  the  waters  is  due  to  the  subsidence  of  the  land,  and  not,  as 
has  been  suggested,  to  the  breaking  in  of  the  sea  through  some 
natural  barrier  upon  some  already  low-lying  district.  Judging 
from  the  old  chart  of  1406,  the  amount  of  depression  is  equal  to 
160  feet. 
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ON  THE  EOTATOET  POLAEIZATION  OF  QUAETZ. 
BY  J.  L.  SORET  AND  ED.  SARASEST. 

TX  a  former  memoir  on  the  rotatory  polarization  of  quartz*,  we 
-*-  announced  the  intention  of  extending  our  observations  to  the  ul- 
tra-violet rays  more  refrangible  than  the  line  X,  and  of  giving  at  the 
same  time  to  our  measurements  a  higher  degree  of  precision.  It 
is  the  results  of  these  fresh  researches  that  we  have  now  the  honour 
of  communicating  to  the  Academy. 

To  determine  the  angle  through  which  qi;artz  rotates  the  plane 
of  polarization  of  rays  of  various  wave-lengths  we  have,  as  before, 
operated  upon  solar  light  by  the  method  of  ^OI.  Fizeau  and  Fou- 
cault.  The  left-handed  quartz  crystal  which  we  have  chieflv  made 
use  of  has  been  retouched  in  its  cutting  so  as  to  render  its  faces 
perfectly  parallel,  and  perpendicular  to  the  crystallographic  axis. 
Its  thickness  is  29-885  millims.  We  haA'e  carefully  determined 
its  temperature  for  each  measurement,  and  corrected  the  obtained 
values  of  the  angle  of  rotation  by  reducing  them,  with  the  aid  of 
the  formula  given  by  Ton  Lang,  to  the  temperature  of  20°. 

*  Comptes  Rendus  de  TAcademie  des  Sciences,  Oct.  11,  1874,  t.  Ixxxi. 
p.  610;  Phil.  Mag.  [4]  vol.  1.  p.  492. 
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To  control  the  accuracy  of  the  mode  of  observation  which  we  owe 
to  MM.  Eizeau  and  Fouoault,  we  made  a  great  number  of  experi- 
ments on  the  light  of  sodium  by  means  of  the  very  precise  method 
made  known  by  M.  Mascart  in  his  excellent  paper  "  On  the  Modi- 
fications undergone  by  Light  in  consequence  of  the  Motion  of  the 
Luminous  Source"  {Ann.  Sc.  de  TEcole  Commie,  1872,  t.  i.  p.  202). 
Employing  this  method,  which  consists  in  operating  on  monochro- 
matic light  observed  in  a  spectroscope  with  the  slit  very  much 
widened,  M.  Mascart  found  21°-73  for  the  rotation  of  the  light  of 
sodium  at  15  degrees  temperature.  AV"e  arrived  at  the  Mgure 
21°-727  at  the  temperature  of  20  degrees,  which  corresponds  to 
21°-711  at  15  degrees.  This  slight  difference  appears  to  us  to 
come  -nnthin  the  limit  of  the  errors  which  this  method  permits 
when  applied  to  light  which  is  not  strictly  monochromatic. 

On  the  other  hand,  we  have  made  a  great  number  of  measure- 
ments for  the  solar  lines  D,  and  D^  by  Fizeau  and  Foucault's 
method.  For  D,,  by  varying  the  conditions  of  observation,  we 
obtained  values  between  21°-750  and  2I°-714  :  the  mean  of  those 
in  which  we  have  most  confidence  is  21°-736  at  20  degrees.  For 
Dj  we  have  found  21°-684.  These  numbers,  between  which  falls 
the  value  obtained  by  M.  Mascart's  procedure,  appear  to  us  to 
prove  the  correctness  as  well  as  the  delicacy  of  the  method  of  MM. 
Fizeau  and  Foucault. 

In  making  a  first  series  of  experiments  the  spectroscope  we  used 
was  furnished  with  lenses  of  quartz  and  a  prism  of  Iceland  spar, 
with  the  fluorescent  ocular  for  the  obser\ation  of  the  ultra-violet 
rays*,  and  with  the  ordiuaiy  eyepiece  for  a  certain  number  of 
measurements  token  in  the  luminous  portion  of  the  spectrum.  In 
a  second  series  of  experiments  we  made  use  of  ordinary  lenses  of 
optical  glass,  employing  two  flint-glass  prisms  for  the  lines  com- 
prised between  A  and  G,  and  one  prism  only  for  the  portion  ex- 
tending from  h  to  M. 

*  The  spectroscope  with  fluorescent  eyepiece,  described  by  one  of  us, 
has  well  answered  its  purpose  for  the  very  refrangible  rays  fi-om  N  to  E. 
The  solar  light  has  to  be  reflected  from  a  German-silver  mirror  (not  a 
silver  one,  because  silver  absorbs  the  highly  refrangible  rays,  as  Prof. 
Stokes  has  already  shown).  To  avoid  the  rotation  which  the  colhmator 
lens  of  the  spectroscope  impresses  on  the  polarized  rays  when  it  consists 
of  only  one  biconvex  lens  of  quai'tz,  a  compensated  lens  is  employed, 
formed  of  two  plano-convex  quai'tz  lenses,  perfectly  equal,  one  wilh  right- 
handed,  the  other  with  left-handed  rotation,  applied  the  one  against  the 
other  by  their  plane  faces.  The  Iceland-spar  prism  has  its  edges  cut 
parallel  to  the  axis ;  it  therefore  gives  two  spectra,  of  which  the  most 
deviating  (the  ordinary  ray)  is  observed  in  preference.  The  substances 
which  appear  to  suit  best  for  the  fluorescent  layer  are  an  aqueous  solution 
of  esculiue  for  the  portion  of  the  spectrum  from  h  to  N,  and  a  plate  of 
uranium-glass  for  the  rays  of  shorter  wave-lengths :  with  this  latter  sub- 
stance the  lines  R,  S,  and  even  T  can  be  distinguished  in  the  solar  spec- 
trum ;  and  in  the  spectra  of  the  metals  the  most  refrangible  lines  can  be 
seen — for  instance,  the  twenty-fifth  line  of  cadmium  (A  =  221'7,  Maacai't). 
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Lines  of 
the  spec- 
trum. 

X. 

1st  series. 

-,    ,        .             !                Value  of  the 
2nd  series.                   angle  of  rotation. 

,      ,      „    Number 

^if^'^iofobser- 
rotation.|  ^^^.^^^ 

Angle  of  !j:X^/     Defini- 

Calcu-      Differ- 
lated.        ence. 

A    

a 

760-40 
718-36 
686-71 
656-21 
589-51 
588-91 
526-96 
486-08 
430-72 
41012 

o 

14-293 

21-729 

32-737 

47-5i8 
51-208 

55-712 
58-918 
64-459 
70585 
74-574 
78-582 
84-972 

40 

16 

14 

50 
16 

20 
50 
30 
30 
20 
50 
37 

12-668 
14-304 
15-746 
17-318 
21-6S4 
21-736 
27-543 
32-774 
42-604 
47-481 
51-178 
52155 
55-539 
58-844 

20 
20 
20 
20 
20 
40 
20 
20 
20 
20 
20 
20 
20 
30 

12-668 
14-304 
15-746 
17-318 
21-684 
21-736 
27-543 
32-774 
42-604 
47-499 
51-193 
52155 
55-625 
58.881 
64-459 
70-585 
74-574 
78-582 
84-972 

12-742 

14-3:37 

15-746 

17-314 

21-689 

adopted. 

27-530 

32-752 

42-634 

47-514 

51-151 

52-165 

55-701 

58-878 

64-480 

70-684 

74-598 

adopted. 

84-960 

+0-074 
+0-033 
0-000 
-0-004 
+0-005 

-0-013 
-0-022 
+0030 
-0-015 
-0-042 
+0-010 
+0-076 
-0-003 
+0-021 
+0-099 
+0-024 

-0-012 

B    

0    

D,  

Da  

E     

F 

G    

h  

& 

I' :::::. 

M    

N    

0    

P 

Q   

R    

396-76 
393-29 
381-96 
372-68 
358-05 
343-97 
336-02 
328-56 
317-75 

"We  have  adopted  as  the  definitive  values  the  means  of  the  obser- 
vations of  only  the  first  series  for  the  lines  A  to  G-,  the  means  of 
both  series  for  the  lines  from  7i  to  ]M,  and  the  numbers  of  the  second 
series  from  X  to  E.  For  broad  lines  and  those  which  form  part 
of  a  complex  group,  such  as  A,  Hj,  H,,  L,  we  reckon  that  these 
values  are  withm  0°-l  of  being  exact ;  the  approximation  must  be 
to  O'-Oo  for  the  other  Hnes  from  «  to  X  ;  the  closeness  then  dimi- 
nishes :  but  the  deviation  from  accuracy  does  not  exceed  0^-1  for  E. 

The  values  in  the  eighth  column  were  calculated  by  the  formula 
of  Boltzmann, 

B^         C 

in  which  the  values  of  the  constants,  deduced  from  those  obtained 
by  experiment  for  the  lines  D,  and  Q,  are 

B  =  7-lllo40,  C=0-148061. 

*  The  wave-lengths  adopted,  as  set  do-wn  in  the  second  column  of  the 

o 

Table,  are  those  of  Angstrom  fi-om  A  to  h,  those  of  M.  Comu  from  Hj  to 
O,  those  of  M.  Mascart  from  P  to  E.  The  angles  of  rotation,  in  the  third 
and  fifth  columns,  in  degi-ees  and  fractions  of  a  degree,  are  the  mean 
values  of  a  number  of  observations,  indicated  in  the  fourth  and  .sixth 
columns.  The  seventh  column  gives  the  values  of  the  angles  of  rotation 
adopted  as  definitive ;  the  eighth  column,  the  same  values  calculated  by 
Boltzmann's  foi-mida ;  the  ninth  column,  the  difference  between  the  results 
of  the  calculation  and  those  of  experiment. 
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The  ninth  column  of  the  Table  gives  the  differences  between  the 
calculated  and  observed  values. 

M.  A.  Coruu  has  obliged  us  by  placing  at  our  service  one  of  the 
specimens  of  quartz  (No.  0)  which  had  served  M.  Mascart  for  the 
determination  of  the  rotatory  power.  It  has  given  us  results  not 
sensibly  differing  from  those  which  we  had  previously  obtained*. 
— Comptes  Mendus  de  VAccuUmie  des  Sciences,  tome  Ixxxiii.  pp. 
818-821. 


ON  THE  RATIO  OF  THE  TWO  SPECIFIC  HEATS  OF  A  GAS. 
BY  CH.  SIxMON. 

My  purpose,  in  this  communication,  is  to  determine,  by  the 
C 
theory,  the  ratio  —  of  the  two  specific  heats  of  a  perfect  gas,  simple 

and  tetratomic. 

When  a  gas  is  regarded  as  a  system  of  material  points  the 

.    C 
mutual  actions  of  which  are  negligible,  the  ratio  —  is  readily  found 

to  be  equal  to  |^ ;  and  M.  Tillarceau  has  proved  that  the  result  is 
the  same  when  a  mutual  action  is  supposed  between  two  gaseous 
molecules  which  is  a  function  of  their  distance  and  directed  along 
the  right  line  that  joins  their  centres  of  gravity ;  but  this  result 
has  only  been  verified  hitherto  in  the  case  of  mercury  vapour, 
which  is  considered  to  be  monatomic.  For  any  gas  whatever,  M. 
YiUarceaut  has  given  the  expression 

C  2  1   A?S2|u«<''  dS 


2J.    /cJl^jfxu/       ^     (U\ 


where  the  quantity  in  the  brackets  represents  the  variation,  per 
degree  of  increase  of  temperature,  of  the  energy  of  the  system  of 
the  atoms  in  their  motions  about  the  centres  of  gi-aA-ity  of  the  mole- 
cules of  which  they  are  parts.  This  quantity  consequently  includes 
the  internal  vibrations  and  the  rotations  of  the  molecules.  Igno- 
rant as  we  are  of  the  laws  which  govern  the  intramolecular  forces, 
it  would  perhaps  be  impossible  to  reach  by  calculation  the  internal 
vibrations  ;  but  it  appears  easier  to  take  into  consideration  the  rota- 
tions of  the  molecules  about  their  centres  of  gravity ;  and  it  is  to  be 
presumed  that,  if  account  be  taken  of  the  rotations,  the  internal 

*  "With  this  quartz  we  found,  for  the  value  of  the  rotation  of  the  light 
of  sodium,  hy  Mascart's  method,  21°-72o ;  and  for  different  lines,  by  the 
method  of  Fizeau  and  Foucault,  we  aiTived  at  the  following  numhers : — 


A.           a.          D,.           h.          M. 

0. 

P. 

Q. 

R. 

12-677    14-319    21-750    47-509  58-900 

70-538 

74-022 

78-623 

85-017 

-j-  Comptes  Rendus,  May  22,  1876. 
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vibrations  being  neglected,  we  shall  obtain,  if  not  the  exact  value 

C 

of  the  ratio  — ,  at  least  a  value  more  closely  approximate  than  f. 
c 

That  is  the  idea  which  has  led  me  to  undertake  this  research. 

To  calculate  the  vis  viva  due  to  the  rotations  of  the  molecules  of 
a  gas,  recourse  must  necessarily  be  had  to  certain  hypotheses. 
Without  introducing  any  new  ones..  I  adopt  those  which  appear  to 
me  the  most  plausible  and  are  most  generally  accepted.  I  call 
perfect  gases  those  which  follow  the  laws  of  Mariotte  and  Gay- 
Lussac,  and  in  which  the  internal  work  is  nil,  so  that  their  mole- 
cules have  velocities  of  translation  of  which  the  squares  are  propor- 
tional to  the  absolute  temperature.  I  call  simple  and  tetratomic  the 
gases  whose  molecules  are  composed  of  four  smaller  molecules 
identical  \\ath  each  other — not  necessarily  atoms,  but  which  may 
be  regarded  as  atoms  in  the  present  state  of  science :  such  are  (or 
appear  to  be)  hydrogen,  oxygen,  nitrogen,  &c.  I  imagine  that,  in 
such  a  gas,  the  four  atoms  occupy  the  apices  of  a  regular  tetrahedron, 
the  edge  of  \\hich  is  longer  than  the  diameter  of  each  of  them,  and 
that  the  interior  of  the  tetrahedron  is  filled  ^ith  aether  free  or 
condensed.  Now,  taking  account  of  the  rotation  of  each  elementary 
tetrahedron  about  its  centre  of  gravity,  and  regarding  the  vibra- 
tions of  the  atoms  as  none  or  insensible,  I  have  found  the  ratio  of 
the  two  specific  heats  to  be  exactly  |-  or  1-4,  while  experiment 
has  given,  for  the  gases  above-mentioned,  values  between  1"39 
and  1-42. 

From  this  accordance  between  calculation  and  experiment  it 
seems  to  foUow  that  the  internal  vibrations,  neglected  in  the  cal- 
culation, are  negligible  in  reality.  I  am  thus  led  to  think  that,  in 
simple  gases,  the  physical  molecules  remain  sensibly  invariable  in 
form  and  dimensions  as  long  as  no  electrical  or  chemical  action 
is  produced. — Gomjjtes  Rcndus  de  I'Academie  des  Sciences,  tome 
Ixxxiii.  pp.  726-728. 


A  NEW  PROCESS  FOR  THE  SEPARATION  OF  GALLIUM. 
BY  LECOQ  DE  BOISBAUDRAN. 

I  have  recently  simplified  and  much  shortened  the  preparation 
of  gallium  by  operating  as  follo«'s  : — 

1.  The  ore  is  dissolved,  according  to  its  nature,  in  aqua  regia, 
chlorhydric  acid,  or  sulphuric  acid.  The  liquid  is  treated,  cold, 
with  plates  of  zinc,  and  then  filtered  while  the  liberation  of  hydro- 
gen is  still  pretty  considerable  ;  the  liquid  is  then  heated  with  a 
large  excess  of  zinc.  The  gelatinous  precipitate  is  washed,  and 
taken  up  again  by  chlorhydric  acid.  The  new  solution  is  heated 
with  an  excess  of  zinc,  and  a  second  gelatinous  precipitate  obtained. 
To  this  point  the  course  is  identical  with  that  of  the  former  pro- 
cess {Comptes  Rendiis,  May  8,  1876,  p.  1098). 

2.  Into  the  chlorhydric  solution  of  the  second  precipitate  formed 
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by  the  zinc  a  current  of  sulphuretted  hN'drogen  is  passed ;  it  is 
filtered,  the  sulphuretted  hydrogen  expelled;  and  finally  carbonate 
of  soda  is  added  fractionally  until  the  line  Ga  a  417  ceases  to  be 
visible  with  the  chlorhydric  solution  of  the  precipitate. 

3.  The  oxides  (or  subsalts)  are  again  taken  up  by  sulphuric  acid ; 
the  solution  is  cautiously  evaporated  until  no  more  white  sulphuric 
fumes  (or  scarcely  any)  are  liberated.  It  is  allowed  to  cool,  then 
agitated  with  water,  which  dissolves  the  mass  after  a  time  varying 
from  a  few  hours  to  two  days.  The  solution  of  the  nearly  neutral 
sulphate  is  diluted  with  water  and  heated  to  ebullition,  and  the 
subsalt  of  galUum  separated  by  filtration  hot. 

4.  This  basic  salt  is  dissolved  in  a  little  sulphuric  acid ;  and  a 
slight  excess  of  caustic  potass  is  added,  so  as  not  to  separate  the 
gallium  but  to  throw  down  the  iron.  Piltration  follows,  and  then 
the  passage  of  a  prolonged  current  of  carbonic  acid  gas,  which 
precipitates  the  oxide  of  gallium. 

5.  This  oxide  is  redissolved  by  the  smallest  possible  quantity  of 
sulphuric  acid ;  a  small  excess  of  slightly  acid  acetate  of  ammonia 
is  added,  and  then  sulphuretted  hydrogen  is  passed  into  the  solution. 
Under  these  conditions  gallium  is  not  precipitated. 

6.  The  acetic  liquid  is  filtered,  diluted  with  water,  and  brought 
to  ebullition  ;  the  largest  portion  of  the  gallium  is  precipitated.  It 
is  filtered  while  hot.  The  mother-liquor,  concentrated  and  boiled 
with  aqua  regia  (in  order  to  breakup  the  salts  of  ammonia),  is  put 
with  the  other  gallium-residues. 

7.  The  precipitate  formed  by  the  hot  acetic  liquor  is  redissolved 
bv  sulphuric  acid ;  we  add  a  slight  excess  of  caustic  potass,  and 
filter. 

8.  The  potassic  solution  is  electrolyzed.  The  metallic  gallium  is 
readily  detached  from  the  plate  of  platinum  by  squeezing  this  be- 
tween the  fingers  under  tepid  water. 

9.  The  metal  is  kept  for  about  half  an  hour,  at  a  temperature  of 
60°  or  70°  C,  in  nitric  acid  {quite  free  from  chlorine)  diluted  with 
its  volume  of  water ;  after  washing,  it  may  be  considered  pure. 

The  various  galliferous  residues  from  the  manipulations  nos.  2 
to  9  are  mixed,  and  treated  first  M-ith  fractional  parts  of  carbonate 
of  soda,  to  separate  the  greater  portion  of  the  zinc,  aluminium,  &c., 
and  then  with  potass  to  remove  the  iron.  The  product  is  joined 
to  that  of  operation  no.  2.  "When  we  arrive  at  a  residue  contain- 
ing but  little  gallium  and  much  iron,  the  simplest  way  is  to  treat 
it  with  zinc,  heating  it  and  excluding  the  air ;  the  greater  part  of 
the  iron  will  remain  in  solution. —  Comptes  Rendus  cle  VAcademie 
des  Sciences,  tome  Ixxxiii.  pp.  636-638. 
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LX.  On  Electricity  disengaged  between  Mercury  Surfaces; 
and  on  the  Motions  produced  in  Mercury  hy  JDeoxidation. 
By  Robert  Sabine*. 

IN  the  spring  of  last  year  the  late  Sir  C.  Wheatstone  had 
his  attention  directed  to  Erman's  discovery,  that  a  glo- 
bule of  mercury  in  contact  with  an  electrolytic  liquid  ^yithin  a 
tube  of  small  calibre  moved  forward  when  a  current  of  elec- 
tricity was  passed  through  itf.  Taking  advantage  of  this 
motion,  Sir  Charles  invented  a  novel  form  of  telegraph  receiv- 
ing-instrument which  he  described  in  a  patent  %  taken  out  in 
the  autumn,  and  in  making  experiments  upon  Avhich  he  was 
engao-ed  in  France  at  the  time  of  his  death. 

As  one  of  his  executors,  the  duty  devolved  upon  me  of  as- 
certaining how  far  this  novel  telegraphic  instrument  could 
be  made  available  for  actual  work  ;  and  to  this  end  I  found  it 
necessary  to  undertake  a  series  of  preliminary  experiments  in 
order  to  obtain  a  better  knowledge  of  the  principles  which 
underlie  the  phenomenon.  Such  an  inquiry  Sir  Charles  had 
in  contemplation,  and  would,  I  believe,  have  carried  out  after 
his  return  to  England.  I  shall  shortly  give  an  account  of  the 
performance  of  different  forms  of  this  receiver ;  but  before 
doing  so,  I  propose,  in  the  following  pages,  to  submit  the  expe- 
riments I  have  made,  and  which  have  not  only  revealed  phe- 
nomena not -observed  before,  but  have  suggested  some  expla- 
nations different  from  those  offered  by  experimenters  on  the 
electrical  behaviour  of  mercury. 

A  preliminary  series  of  experiments  led  me  to  conclude 
that  every  mercurial  surface,  when  exposed  to  the  influence 
of  air  or  water,  consists  of  mercurous  oxide  and  not 
of  metallic  mercury,  that  the  electropositive  condition  of  a 

*  Communicated  by  the  Author. 

t  Erman,  Gilb.  Ann.  vol,  xxxii.  (1809),  p.  2G1. 

X  No.  2771,  dated  Aug.  5,  1875. 
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mercuiy  surface  is  greatly  dependent  upon  its  state  of  oxida- 
tion, that  the  expansion  or  contraction  of  such  a  surface  is 
always  attended  with  a  corresponding  alteration  of  its  electro- 
positiyeness,  and,  finally,  that  the  motions  of  mercury  elec- 
trodes, under  water  or  acidulated  water_,  are  due  princi})ally  to 
the  reduction  of  superficial  suboxide. 

The  following  more  systematic  series  of  experiments  was 
undertaken  to  ascertain  the  correctness  of  these  conclusions. 

I.  ElectricHu  disengaged  hetween  Mercnry  Surfaces. 

In  a  paper  contributed  in  1871  to  the  Eoyal  Society*,  "  On 
the  Polarization  of  Metallic  Surfaces  in  Aqueous  Solutions," 
Mr.  C.  F.  Varley  made  known  some  experiments  by  which  he 
had  succeeded  in  producing  electric  currents  between  two 
masses  of  mercury,  the  relative  exposed  surfaces  of  which, 
under  dilute  sulphuric  acid,  were  yaried  by  alternately  rising 
and  falling  in  two  funnel-shaped  vessels,  the  mercury  surfaces 
having  been  pre^-iously  polarized  with  hydrogen  by  connexion 
A^-ith  the  zinc  pole  of  a  battery.  Mr.  Varley,  however,  did 
not  obserA'e  any  current  with  unhydrogenized  mercury  when 
it  was  pure.  In  my  experiments  on  the  production  of  currents 
by  mercury  surfaces  I  have  carefully  avoided  any  hydrogeni- 
zing  taking  place,  and  have  confined  my  attention  to  currents 
set  up  by  the  altered  electropositive  condition  through  oxida- 
tion by  the  atmosphere  alone,  or  by  simple  contact  with  the 
liquid  in  which  the  mercury  was  immersed. 

An  insulating  trough  about  20  Fig.  1. 

X  15  centims.,  and  7  centims.  deep, 
was  constructed  with  a  division  in 
the  middle  reaching  to  within  a 
short  distance  of  the  bottom,  and 
which  divided  it  into  two  compart- 
ments (fig.  1).  Distilled  mercury 
was  carefully  poured  into  tvro  dishes,  A  aud  B,  one  in  each  com- 
partment, to  the  same  level,  whilst  distilled  water  to  the  level  c 
covered  both  the  surftices.  Platinum  conducting-wires  (a 
and  li)  inserted  through  glass  tubes  enabled  the  two  masses  of 
mercury  to  be  connected  with  a  measuring-instrument.  The 
trough  was  allowed  to  rest  quietly  for  a  time,  until  the  tem- 
perature was  settled  ;  then  one  of  the  surfaces  (A  or  B)  was 
scraped.  Two  pieces  of  glass  were  taken,  one  in  each  hand, 
and  placed  upon  the  middle  part  of  one  of  the  mercury  sur- 
faces, thus  \y^ .  Tliey  were  then  quickly  separated  so  as  to 
cause  a  fresh  mercury  surface  to  be  exposed ;  and  at  the  same 
instant  the  release  of  a  discharge-key,  in  connexion  with  an 
*  Phil.  Trans,  vol.  clxi.  (1871),  p.  129. 
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accumulator  and  measuring-galvanometer,  allowed  the  electro- 
motive force  to  be  ascertained  and  compared  \n.\h.  that  of  a 
standard  cell. 

The  readings  were  found  to  depend  greatly  upon  the  energy 
with  which  the  glass  scrapers  were  parted,  and  upon  the  pre- 
cision with  which  the  discharge-kev  was  released  at  the  mo- 
ment  of  scraping.  The  electromotive  force  between  two  sur- 
faces of  pure  mercury  which  had  stood  a  short  time  under  dis- 
tilled water  was  found  to  be  as  follows  :- — 

A  scraped,  B  scraped, 

B  quiet.  A  quiet. 

O-Ooo  volt.  —  0-04t;  volt. 

0-045    .,  -0-020 


0-041    „  -0-032 


?5 


"When  very  dilute  s'alphuric  acid  was  substituted  for  the 

distilled  water,  the  average  readings  became  higher,  as  fol- 
lows : — " 

A  scraped,  B  scraped, 

B  quiet.  A  quiet. 

0-0G7  volt.  -0-064  volt. 

0-065    „  -0-086    „ 

0-032    ,,  -0-041    „ 

0-068    '„  -0-077    „ 

The  last  experiment  was  varied  by  scraping  one  of  the  sur- 
faces backwards  and  forwards  with  a  glass  scraper,  and  obser- 
ving the  current  by  a  delicate  mirror-galvanometer  with  a 
very  high  resistance  in  the  circuit  during  the  scraping,  and 
at  inters'als  of  fifteen  seconds  after  ceasing  to  scrape,  until 
the  two  surfaces  had  resumed  an  equality  electrically.  ^Vhilst 
the  one  surface  was  scraped,  the  other  surface  was  at  rest. 
The  deflection  shovred  in  all  cases  that  the  scraped  or  disturbed 
surface  corresponded  with  the  zinc  of  a  galvanic  couple.  It 
was  also  found  that,  however  clean  and  bright  the  surfaces 
might  appear,  the  scraping  of  one  of  them  was  always  able  to 
establish  a  current  of  electricity. 

Surface  A  scraped  gave  a  steady  deflection  of  130  divisions 
to  the  right,  representing  an  electromotive  force  of  0-036  volt. 
"When  the  scraping  was  discontinued,  the  deflection  fell  gradu- 
ally as  follows : — 

After  15  seconds 90  divisions  right. 

»     30      „      80 

V    4o      „      50  „ 

„     60      „      30 

„     '5      „      20  „ 

;,      90        „        10 

2  12 
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It  was  two  minutes  before  the  disturbed  surface  of  the  mer- 
cury bad  resumed  a  condition  similar  to  that  of  the  undis- 
turbed. 

Surface  B  scraped  ;  deflection  =185  divisions  left,  =0'05l 
volt.     Then  left  at  rest. 

After  15  seconds,  deflection  =75  divisions  left. 

30         „  „  45 

30 

15 

10 

3 


tJ\J 

45 

60 

75 

90 

Instead  of  using  a  scraper,  the  point  of  a  glass  tube  was  next 
inserted  in  the  mercury,  and  air  blown  through  so  as  to  keep 
its  surface  in  continued  motion  and  to  break  up  any  covering 
of  suboxide.  The  'electromotive  force  between  the  moving 
and  quiet  surfaces  was  then  observed  and  similar  results  re- 
corded. 

In  order  to  find  whether  this  current  might  be  due  to  ther- 
moelectricity resulting  from  heat  developed  by  the  motion, 
the  following  experiment  was  made. 

A  vessel  of  heated  mercury  was  provided,  and,  by  means  of 
a  pipette,  a  quantity  introduced  into  one  of  the  compartments. 
The  deflection  consequent  on  the  sudden  change  of  tempera- 
ture was  observed  as  soon  as  it  became  steady.  Heated  mer- 
cury introduced  into  A.  Temperature  of  A  rose  from  22°-5  C. 
to  27°-8  C.  Temperature  of  B  22°-5  C.  Deflection  =35  di- 
visions right  (of  the  same  galvanometer).  After  an  interval 
of  ten  minutes,  heated  mercury  was  introduced  into  B.  Tem- 
perature of  B  rose  from  24°  C.  to  29°-5  C.  Temperature  of 
A  23°*5  C.  Deflection  =40  divisions  left.  It  was  evident 
that  whilst  a  difference  of  temperature  of  5°*5  C.  occasioned 
only  a  deflection  of  about  40  divisions,  a  diflerence  of  20°  C. 
to  25°  C.  would  have  been  required  to  produce  effects  equal 
to  those  observed  through  the  scraping,  whereas,  during 
the  whole  of  the  previous  readings,  the  temp.erature  of 
the  mercury  had  not  varied  in  either  of  the  dishes  more 
than  1°  C.  ;  the  currents  were  therefore  not  due  to  heat. 
The  only  other  conclusion  is  that  the  metallic  condition  of 
the  surfiice  of  the  mercury  is  changed  by  the  scraping,  such 
as  would  result  from  a  very  thin  film  of  mercurous  oxide 
being  pushed  aside  and  exi)0sing  metallic  mercury  or  a  less 
oxidized  surface  to  the  action  of  the  liquid.  It  is  in  the 
hio-hest  degree  probable,  indeed,  that  riiercury,  when  exposed 
at  ordinary  temperatures  to  air  or  water,  never  presents  a 
really  metallic  surface,  or,  if  it  ever  does  so,  that  this  condi- 
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tion  13  of  very  short  duration.  The  mirror-like  brilliancy  of  a 
mercurial  surface  is  no  criterion  that  the  Avhole  of  the  visible 
molecules  may  not  be  suboxide  ;  for  the  reflection  would  not 
be  lessened  until  the  formation  of  this  suboxide  became  sufH- 
cient  to  impair  the  smoothness  of  the  surface.  And  the  cur- 
rents measured  between  the  disturbed  and  quiescent  surfaces 
of  mercury  are  probably  currents  set  up  between  surfaces  in 
different  states  of  oxidation^  the  less  oxidized  of  the  two  being 
positive  to  the  other. 

To  put  this  more  fully  to  the  test  of  experiment,  an  appa- 
ratus was  made  up  very  much  on  the  principle  of  that  used  by 
Mr.  Yarley  for  producing  currents  by  mercury  when  polarized 
with  hydrogen.  The  object  in  view  was,  that  one  of  the  sur- 
faces of  mercury  might 
be  expanded  or  con- 
tracted at  pleasure  to 
either  condense  or  break 
the  supposed  film  of 
suboxide.  The  fimnel- 
shaped  vessel  /  (fig.  2) 
Avas  connected  with  a 
reservoir  of  mercury,  a, 
in  such  a  way  that,  by 
increasing;  or  decreasino; 
the  pneumatic  pressure  in 
a,  the  mercury  in/ would 
rise  or  fall.  This  vessel  was  immersed  in  a  deep  trough  con- 
taining distilled  water.  The  surface  of  the  mercury  in/fomied 
one  side  of  a  galvanic  couple,  with  a  quiescent  surface  of  mer- 
cury contained  in  the  bcnt-up  end  of  a  thistle-tube  h  for  its 
other  side.  When  the  mevcnvy -nh-ecai  was  down  in  the 
shank  of  the  funnel,  whatever  suboxide  might  be  upon  it 
w^ould  be  split  up  when  the  mercury  was  raised  suddenly 
in  the  funnel.  When  contracted  at  the  bottom  of  the  funnel, 
the  diameter  of  the  mercury  face  was  about  0*6  centim.  ; 
when  raised  and  expanded,  it  was  between  2  and  2*5  centims., 
the  area  being  therefore  10  to  15  times  as  great. 

When  the  temperature  of  the  whole  had  become  uniform,  a 
very  slight  current  Avas  observed  on  the  galvanometer  con- 
nected betvreen  protected  wires  dipping  into  the  two  masses 
of  mercury.  The  mercury  was  then  drawn  steadily  down 
into  the  shank  of  the  funnel,  and  a  considerable  deflection 
towards  the  right  observed,  showing  a  diminished  electro- 
positiveness.  When  the  needle  became  still,  the  mercury 
was  allowed  to  return  to  its  former  level ;  and  an  excursion 
to  the  left  was  noted.     When  the  needle  was  again  steady, 
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tho  mercury  was  caused  to  rise  to  the  top  of  the  funnel,  when 
an  excursion  to  the  left  was  again  observed*. 

A  series  of  observations  wen;  then  made,  taking  the  readings 
of  the  steady  deflections  when  the  mercury  was  at  the  top  and 
at  tho  bottom  of  the  funnel  alternately,  tli'e  difference  between 
two  consecutive  readings  being  proportional  to  tho  increase  or 
decrease  of  electromotive  force  between  the  surfaces. 

Change  of  Deflection  after  the  mercury  surface,  /,  had 
been 


Increased. 

172  div 

isions. 

178 
130 
137 
140 

5J 

lie 

jj 

143 

JJ 

178 

jj 

103 

?7 

Decreased 

-227  div 

isions. 

-198 
-102 
-123 

-115 

-130 

-121 

-132 
-171 

The  mean  of  the  two  series  represented  a  difference  of  elec- 
tromotive force  equivalent  to  0*115  volt.  When  a  small 
quantity  of  sulphuric  acid  was  added  to  the  water,  similar  re- 
sults were  obtained.  When  the  acid  water  was  strong,  the 
effect  was  much  sooner  over.  This  was  probably  due  to  the 
combination  of  tho  acid  with  the  morcurous  oxide  as  the  latter 
was  formed. 

It  was  observed  that  the  change  in  the  electromotive  force 
took  place  more  rapidly  while  the  mercury  surface  was  ex- 
panding than  while  it  was  contracting.  While  expanding, 
the  light-spot  invariably  made  an  excursion  far  beyond  the 
point  to  which  it  finally  settled,  whereas  while  the  mercury 
Avas  being  contracted  the  light  moved  steadily  up  to  its  posi- 
tion of  rest  and  swung  only  very  few  degrees  beyond  it, — indi- 
cating that  the  film  of  suboxide,  while  contracting,  underwent 
a  tolerably  regular  thickening  ;  but  when  expanding,  the  film, 
not  being  elastic,  split  and  suddenly  exposed  a  surface  of  me- 
tallic mercury.  The  expanded  or  disturbed  surface  was  always 
positive  to  the  still  surface  ;  that  is,  it  took  the  place  of  the 
zinc  in  a  voltaic  couple  f. 

*  If  instead  of  letting  tlie  merciu'v  rise  from  tlie  bottom  its  surface  was 
scraped,  a  deflection  to  the  left  was  observed. 

t  This  effect  is  the  reverse  of  that  said  to  be  observed  when  the  mercury 
surfaces  are  polarized  with  hydrogen.  Mr.  Varley  sftys,  "During  this 
change  of  surface-dimensions  [of  mercury  previously  hydrogenized]  cm-- 
rents  of  electricity  will  be  found  to  pass  from  one  to  the  other,  the  dimi- 
nishing surface  acting  as  the  zinc  plate,  and  the  increasing  surface  as  the 
copper  plate  of  a  voltaic  couple." 
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A  W-tube,  0'8  centim.  diaiii.,  was  made 
up  as  in  fig.  3  ;  mercury  in  the  two  lower 
parts,  acidulatedAvater  in  the  junction  c,  and 
platinum  wires  in  the  outer  limbs.  On  tilt- 
inor  the  tube,  so  that  the  surface  in  a  advanced 
and  that  in  b  receded,  the  mercury  in  a,  by 
reason  of  the  slight  friction,  flowed,  of  course, 
less  readily  in  contact  with  the  glass  than 
at  the  centre  ;  and  so  fresh  surface  broke 
through.  On  the  other  side  (b)  just  the 
reverse  took  place  ;  whatever  suboxide  was 
on  the  sides  closed  in  and  thickened. 

The  needle  of  the  galvanometer  between  the  platinum  wires 
was  deflected  in  one  direction  when  the  system  was  inclined 
one  way,  and  when  it  was  inclined  the  other  way,  in  the  other 
direction.  The  advancing  sm-face  brightened  and  was  posi- 
tive to  the  receding  surface,  Avhich  became  duller. 

Tube  inclined  from  Excm-sion  of 

light-pomt. 

Upright  to  left +125  divisions. 

V  right  -125  „ 

Right       „  left +185  „ 

Left         „  right  —187  „ 

Upright  ,,  left +118  „ 

„        „  i-ight  -115  „ 

Right      „  left +180  „ 

Left         ,,  right  —175  „ 

The  same  was  done  with  capillary  tubes,  and  the  efiect  found 
to  be  still  more  striking,  whether  the  tube  was  tilted  or  the 
mercury  caused  to  travel  along  by  increasing  the  pressure  of 
the  air  above  one  of  the  ends. 

Then  a  straight  length  of  capiUary  tube  turned  up  at  the 
ends  and  attached  to  mouth-pieces  was  filled  with  mercury 
in  the  middle  of  it  being  a  small  quantity  of  acid  water. 
When  this  was  tilted  or  otherwise  so  that  the  acid  water  tra- 
velled along,  an  electromotive  force  was  obtained  eoual  to 
nearly  one  third  of  a  Daniell  element. 

An  ordinary  U-tube  had  mercury  poured  into  the  bend  to 
about  an  inch  up  each  limb  ;  acid  water  over  this,  and  plati- 
num wires  in  the  acid  water.  When  at  rest,  a  small  constant 
electromotive  force  Avas  observed.  When  tilted,  results  pre- 
cisely similar  to  those  with  the  W-tube  were  found.  With 
capillary  tubes  pro^dded  with  enlarged  ends,  the  eftects  were 
the  same,  and  due  unquestionably  to  the  same  cause. 
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Mr.  Gabriel  [Lippmann  *,  in  his  paper  "  On  the  Connexion 
between  Caj)ill:iry  and  Electrical  rlitniomcna,"  ascribes  the 
electricity  which  he  observed  to  be^ di.sen oaood  by  a  mercury 
surface  in  acid  water,  advancing  in  a  capilhiry  tube,  to  a  change 
in  its  capillaiy  constant,  without,  however,  adducing  any  colla- 
teral evidence.  It  appears  to  me  that  the  electricity  in  ques- 
tion may  be  accounted  for  l)y  different  states  of  oxidation  of 
the  advancing  and  receding  surfaces.  >So  far,  I  have  not  found 
a  single  experiment  to  indicate  this  assumed  connexion  between 
capillary  constant  and  disengaged  electricity.  That  its  oxi- 
dized state  modifies  the  surface-tension  of  mercury  I  will 
show  further  on  ;  that  it  also  modifies  the  electropositive  state 
of  the  surface  is  evident  from  the  foregoing ;  and  two  things, 
both  which  depend  upon  a  third,  might  have  some  propor- 
tionality between  them.  But  there  does  not  appear  to  be  any 
nearer  connexion,  if  this,  between  electricity  and  capilla- 
rity of  mercury  ;  and  it  is,  I  venture  to  suggest,  prematm'c 
to  call  a  difference  of  electrical  potential  produced  in  this  way, 
"  polarization  by  capillary  forces,"  until  at  least  the  "  capil- 
lary forces  "  in  question  have  been  more  closely  interrogated. 

II.  Motions  produced  in  Mercuri/  hy  Deoxidation. 

The  following  may  bo  taken  as  representative  of  a  class  of 
similar  phenomena  which  have  been  made  known  by  ditferent 
observers.  When  mercury  is  poured  into  a  flat  dinner-plate 
to  a  depth  of  a  quarter  of  an  inch,  and  Fig.  4. 

a  drop  of  water  placed  upon  it,  the  drop, 
as  is  well  known,  assumes  an  arched 
section  (a,  fig.  4).  If  now  the  mer- 
cury be  connected  Avith  the  zinc  pole 
and  the  drop  by  means  of  a  fine  plati- 
num wire  with  the  copper  pole  of  a 
battery  of  two  or  three  elements,  the 
drop  will  contract  and  become  more 
spherical,  as  in  h.  When  the  batter}'- 
circuit  is  interrupted,  the  drop  of  water 

resumes  its  original  form  (a).  If  the  battery-current  bo  re- 
versed so  that  the  copper  pole  is  connected  with  the  mercury 
and  the  zinc  pole  with  the  drop,  the  latter  gradually  expands 
as  in  c,  whilst  the  mercury  surface  seen  through  the  water  be- 
comes clouded  with  a  slight  film  of  suboxide.  Reversing 
again  the  battery,  destroys  the  film  and  contracts  the  drop. 

Two  views  have  been  hitherto  accepted  by  physicists  as  ex- 
planatory of  these  phenomena.  The  first  is  that  given  by 
Erman  in  his  paper  already  cited,  viz.  that  the  reduction  of 

*  Pogg.  Ann.  vol.  cxlix.  p.  546  j  Phil.  Mag.  [IV.]  vol.  xhii.  p.  281. 
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the  superficial  suboxide  by  the  current,  producing  a  cleaner 
metallic  surface,  decreases  the  adhesion  of  the  water,  and  this 
causes  the  drop  to  contract ;  and  in  the  other  direction,  that 
the  current  oxidizing  the  surface  increases  the  adhesion  of  the 
water,  which  spreads  out  in  consequence.  The  second  explana- 
tion is  that  suggested  by  Dr.  J.  W.  Draper,  in  1845,  in  a 
paper*  entitled  "  Is  Capillary  Attraction  an  Electrical  Pheno- 
menon ?  "  According  to  his  view,  the  capillary  constant  at 
the  contact-surfiice  of  mercury  and  dilute  sulphuric  acid  is 
supposed  to  be  altered  by  the  current;  and  hence  the  contraction 
or  expansion,  the  surface  of  mercury  behaving  like  an  elastic 
membrane.  It  appears  to  me  that  both  adhesion  and  capilla- 
rity play  very  insignificant  parts  in  the  phenomena  in  question. 
The  explanation  which  I  ofier  is  that  these  contractions  and 
expansions  are  due  simply  to  the  different  atomic  volumes  of 
mei'cury  and  its  suboxide. 

If  small  particles  of  dry  solid  matter  be  placed  upon  the 
bright  surface  of  the  mercury  just  outside  the  Avater-drop, 
before  connecting  the  battery,  their  distances  from  the  peri- 
phery of  the  drop  remain  practically  unchanged  both  when  the 
drop  contracts  and  when  it  expands.  From  this  it  is  obvious 
that  the  expansion  of  the  water-drop  is  not  due  to  its  over- 
running fresh  mercury  surface,  which  would  correspond  with 
an  increased  adhesion,  but  simply  to  the  expansion  of  the  mer- 
curial area  originally  covered  by  the  water — and  that  the  con- 
traction is  not  a  retiring  from  the  mercury  surface,  such  as 
would  result  from  diminished  adhesion,  but  a  contraction  of 
the  covered  surfjice.  In  other  words,  the  water  is  the  index 
of  the  contraction  or  expansion  of  a  certain  area  of  the  mer- 
cury which  is  undergoing  some  chemical  change.  When  the 
water-drop  is  placed  upon  the  mercury  surface,  that  surface  is 
already  (or  immediately  afterwards  becomes)  converied  into 
suboxide.  When  the  drop  is  connected  with  the  battery  so 
that  the  suboxide  is  reduced,  the  base  of  the  drop  becomes 
metallic  and  necessarily  contracts  to  an  area  correspondino- 
with  the  reduced  atomic  volume  of  the  molecules  which  form 
the  surfoce.  On  the  other  hand,  when  the  battery-current  is 
broken,  the  metallic  mercury  surface,  sensitive  to  oxidation,  is 
ready  to  return  at  once  to  its  state  of  suboxide  and  resumes  its 
original  dimensions.  And,  finally,  when  the  battery-current 
is  reversed  so  that  the  mercurial  surface  underneath  the  drop 
is  still  further  oxidized,  the  drop  will  go  on  expanding  in  con- 
sequence of  the  formation  of  new  oxide  underneath  that  first 
formed,  the  oxide  being  porous  and  allowing  the  water  to  per- 
colate through  it. 

*  Draper,  Phil.  Ma-.  May  1845,  p.  185. 
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Viewed  in  this  light,  the  water-drop  may  be  said  to  perform 
two  distinct  functions  : — (1)  that  of  determining  the  area  of 
mercury  the  visible  molecules  of  which  are  to  l)e  changed 
from  metal  to  suboxide,  and  rice  versa  ;  (2)  that  of  showing  to 
what  extent  the  covered  mercury  surface  is  expanded  or  con- 
tracted in  consequence. 

And  if  this  view  is  correct,  it  follows  that,  by  kno^Wng  the 
relative  atomic  volumes  of  mercury  and  its  suboxide,  we  could 
predict  approximately  to  what  extent  any  given  water-drop  on 
a  connnon  surface  of  mercury  would  be  contracted  by  the  re- 
ducing cnrreut. 

The  atomic  Aveight  of  mercury  is  200,  whilst  its  specific  gra- 
Yiiy  is  13'595  ;  therefore  its  atomic  volume  is 

^^  =14-7. 
13-595 

The  atomic  weight  of  suboxide  of  mercury  is  416.  Its  specific 
gravity  is  not  so  well  ascertained.  Different  authorities  assign 
it  different  values  : — Gerstenhofer  *  gives  12'07  ;  Herapath 
found  it  10'69,  and  Karsten  8*95  f.  I  assume  that  Hera- 
path's  value  is  the  most  trustworthy,  viz.  10*69,  which  is 
nearly  a  mean  of  the  other  two.  The  atomic  volume  of  sub- 
oxide of  mercury  would  therefore  be 

^^^    =38-9. 


10-69 


Now  if  the  diameter  of  the  water-drop  A\hen  first  placed 
upon  the  mercury  is  d,  and  it  contracts  to  d'  under  the  action 
of  the  reducing  current,  it  is  evident  that  we  should  find 

^  =  .yi§:L  =1-098; 
d'     \    2x14-7 

that  is  to  say,  we  should  be  prepared  to  find  the  water-drop 
about  10  per  cent,  larger  in  diameter  when  first  placed  upon 
the  mercury  than  when  the  latter  is  put  under  the  reducing 
action  of  the  battery. 

The  following  series  of  measurements  with  different  drops 
of  distilled  water  was  made  before  and  after  deoxidatiou  of 
the  mercury. 

*  HiUfsbuch  fib-  den  Gewerb.  CJiemiker  (1851),  p.  4o. 

t  Watts's  '  Dictionary  of  Chemistry  '  (1875),  vol.  iii.  p.  907. 
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Measured  diameter  of  drop. 


At  rest 

Contracted 

■^ 

d. 

d. 

d 

d' ' 

3*35  centims. 

3*1  centims. 

1-08 

3-4 

55 

3-0 

55 

1-13 

3-45 

J> 

3-2 

55 

1-08 

3-55 

55 

3-35 

55 

1-06 

2-9 

55 

2-7 

55 

1-07 

3-7 

5J 

3-45 

55 

1-07 

4-0 

55 

3-6 

55 

1-11 

3-6 

55 

3-3 

55 

1-09 

3-4 

55 

3-15 

55 

1-08 

3-5 

55 

3-25 

55 

1-08 

3-85 

55 

3-6 

55 

1-07 

4-15 

55 

3-8 

55 

1-09 

3-35 

;j 

3-1 

55 

1-08 

3.75 

55 

3-5 

•5 

1-07 

Mean     .     .     I'OS 

With  dilute  sulphuric  acid  ^vith  one  Smee  cell. 

2'2  centims.  2'05  centims.  1'07 

2-35  „  2-1  „  1-12 

2-4  „  2-1  „  1-14 

2-5  „  2-3  „  1-09 

2-3  „  2-1  „  1-10 

2-3  „  2-0  „  1-15 

2-25  „  1-95  „  1-15 

2-1  ,,  1-9  .,  1-10 

2-55  „  2-3  „  1-11 

2-2  „  2-0  „  1-10 

2-4  „  2-25  „  1-07 

2-25  „  2-05  „  1-10 

Mean     .     .     1-11 

The  mean  "svith  acidulated  water  is  higher  than  that  with 
distilled  -svater.  This  may  be  due  to  the  greater  conductivity 
of  the  acid  water  causing  the  reducing  action  to  be  more 
complete  and  prompt,  and  partly  to  reduction  of  sulphate. 

It  has  been  shown  by  Llr.  Paalzow  *  that  a  drop  of  water 
placed  upon  mercury  contracts  as  soon  as  a  small  crystal  of 
sodium  hA-posulphite  is  dropped  into  it.  Tlie  action  is"^  in  this 
case  identical  with  that  of  the  reducing  current  of  the  battery. 
The  following  measurements  of  the  diameters  of  water-drops 
*  Fogg.A?in.  Tol.  ciy.  (1858),  p.  420. 
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on  morcurv  were  made  before  and  after  deoxidation  by  this 
means  : — 


(1. 

d. 

d 

if 

1'85  centim. 

1*7  centim. 

1-09 

2*0    centims. 

1*75     ,, 

1-li 

I*il5  centim. 

1--^       '„ 

1-08 

2'4    centims. 

2*19  centims. 

MO 

2-73      „ 

2-52     „ 

1-08 

3*83      J, 

3-55     „ 

1-08 

Mean     .     . 

1-095 

Allowing  for  the  difficidty  of  measuring  liquid  drops*, 
wliieli  are  not  always  quite  ciz'cular,  and  for  a  cause  of  error 
arising  from  circulation  in  the  mercury,  these  values  are  con- 
firmatory of  the  view  I  have  stat(^d.  With  greater  care  and 
better  means  of  measuring  the  area  of  the  drop,  and  of  regula- 
ting the  tension  of  the  mercury  surface  outside  the  drop,  these 
values  would,  I  have  no  doubt,  be  found  to  correspond  strictly 
with  the  changed  atomic  volume  of  the  molecules  at  the  base,  and 
might  even  be  employed  as  a  means  of  deducing  the  specific 
gravity  of  the  suboxide,  Avhich  is  at  present  rather  difficult  on 
account  of  its  instability. 

When  a  battery  of  higher  power  is  used  for  the  deoxidation 
of  the  mercury,  the  drop  of  water  or  acid  wat(n'  is  observed  at 
first  to  contract  and  soon  afterwards  sliglitly  to  expand  again. 
On  closely  observing  the  water,  its  interior  is  seen  in  rapid 
circulation  ;  and  fixing  the  attention  upon  any  little  floating 
particles,  it  is  seen  that  close  to  the  mercury  they  travel  away 
from  the  immersed  positive  Avire  for  a  short  distance,  then  rise 
up  towards  the  surface,  and  return  in  the  other  direction. 
The  distance  between  a  travelling  particle  and  its  reflected 
image  in  the  mercury  allows  the  direction  of  circulation  to  be 
very  exactly  observed.  This  circulation,  which  is  communi- 
cated to  the  water-drop  by  a  similar  circulation  in  the  mer- 
cury underneath,  causes  the  drop  to  become  slightly  expanded. 
Therefore  whenever  the  battery  is  strong  enough  to  establish 
any  circulation,  the  diameter  of  the  drop  cannot  be  found  to 
correspond  with  its  deoxidized  state.  This  source  of  error  is 
difficult  altogether  to  avoid. 

In  order  to  bo  able  better  to  observe  the  effect  of  this  circu- 
lation, which  ai)peared  to  be  due  to  unequal  chemical  action 
on  the  surface  of  the  mercury,  the  following  experiment  was 
arranged  : — 

A  glass  trough  was  constructed  with  a  groove  about  O'G 

*  Photography  suggested  itself  for  this  pui-pose. 
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centlm.  wide,  0'6  centim.   deep,  and  10  centims.  long.     In 
the  middle  of  it  was  placed  a  globule  of  mercuiy,  a  h  (fig.  5) ; 

Fis:.  5. 
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and  on  each  side  of  the  mercuiy  the  spaces,  iv  and  lo',  were  about 
half  filled  "\Adth  water.  Two  wires,  +  and  — ,  dipped  into  the 
water  near  the  ends,  and  were  connected  with  a  battery.  The 
object  in  view  was  to  oxidize  one  portion  of  the  surface  of  the 
mercury  globule  whilst  another  portion  of  it  was  being  deoxi- 
dized. When  the  battery  was  connected  so  that  the  current 
passed  through  the  trough  from  +  to  — ,  it  is  evident  that 
the  surface  a  of  the  mercury  was  deoxidized,  whilst  at  the 
same  time  the  opposite  surface  h  of  the  globule  was  oxidized. 
The  result  of  this  double  action  it  was  easy  to  foresee.  The 
surface  a  becoming  deoxidized,  contracted,  whilst  the  surface 
h,  becoming  more  oxidized,  expanded. 

The  upper  surface  of  the  mercury  globule  was  thereby 
thrown  forwards,  in  the  direction  shown  by  the  arrows,  car- 
rying yxiih.  it  more  oxidized  surface,  which  Avas  promptly 
reduced  on  its  arrival  at  a.  The  whole  mercury  globule 
was  set  in  rapid  circulation,  the  end  h  supplying  the  oxi- 
dized and  expanding  skin  as  fast  as  the  end  a  could  reduce 
and  contract  it.  When  the  water  was  slightly  acidulated, 
this  passage  of  the  oxidized  surface  became  so  vehement  that, 
the  globule  being  retained  in  its  place,  the  water  from  w'  was 
carried  mechanically  over  and  heaped  up  on  the  side  w.  But 
when  the  mercury  globule  was  free  to  move,  it  marched 
bodily  forwards  from  lo  to  to'  (opposite  to  the  arrows)  rather 
quickly  towards  the  negative  wire  of  the  battery — that  is,  in 
the  same  direction  in  which  the  electricity  is  assumed  to  flow. 

At  the  time  the  upper  surface  of  the  mercury  globule  was 
speeding  along,  the  under  surface  vras  also  observed  to  circu- 
late in  the  same  direction  :  but  on  account  of  friction  offered 
by  the  trough,  its  motion  there  appeared  to  be  slower.  The 
interior  circulation  of  the  globule  appeared  to  be  approxi- 
mately that  shown  by  the  arrows  in  fig.  6 — h  being  the  ex- 
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pandiiifT  surface  where  the 
suboxide  was  tbrineil,  and  a  the 
contracting  surface  where  it 
was  reduced.  Tlie  motions  of  its 


Fig.  6. 
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surface  were  observed  bv  sli";hth-  inclinins:  the  trouffh,  which 
prevented  the  niercurv  travellino;.  AVhen  tlie  negative  wire  was 
j)lunged  into  the  mercury  globule  instead  of  into  the  water,  so 
as  to  leave  the  process  of  oxidation  to  the  simple  contact  be- 
tween the  mercury  and  the  acid  water,  similar  motions  were 
observed,  but  not  so  energetic.  With  the  oxitlation  of  the 
surface  h  in  acidulated  water,  a  quantity  of  insoluble  sulphate 
was  formed  and  carried-mechanieally  over-  to  a,  where,  after  a 
time,  it  accunuilated  sufficiently  to  form  a  shell  which  remained 
perfectly  still,  covering  the  end  a,  whilst  the  end  ^  was  in  active 
circulation.  This  shell  increasing  gradually,  at  last  covered 
the  whole  globule,  Avhich  nevertheless  was  ibund  to  be  circu- 
lating actively  beneath  it.  The  appearance  of  this  sulphate 
shell  is  very  deceptive,  as  one  is  inclined  sometimes  to  conclude 
that  because  it  is  at  rest,  the  mercury  underneath  must  be  at 
rest  also,  which  is  not  the  case. 

The  mechanical  effect  produced  by  the  rapid  circulation  of 
mercury  found  in  the  last  experiment  was  also  observed  as 
follows  : — The  globule  of  mercury,  instead  of  being  ])laced  in 
a  horizontal  trough,  was  deposited  at  the  bottom  (M)  of  the 
bend  of  a  U-tube  (fig.  7)  and  acid  water  poured  into  each 
limb  above.    The  quantity  of  mercury  I'^jg-'i'- 

was  just  sufficient  to  form  a  valve, 
that  is,  to  prevent  communication 
between  the  acid  water  in  the  two 
limbs,  but  not  much  more.  Two 
platinum  wires,  connected  with  a 
reversing-key  and  five  Smee  cells, 
dipped  into  the  acid  water  in  the 
limbs.  When  the  circuit  was  closed, 
the  current,  ooino-  from'A  to  B.beoan 
to  oxidize  the  mercury  face  in  B,  and 
to  deoxidize  that  in  A.  The  mercury 
was  at  once  set  in  rapid  circulation  and  mechanically  car- 
ried the  water  from  limb  B  into  limb  A  until  the  different 
heights  of  the  columns  of  liquid  l)alanced  the  pressure  of  the 
circulating  mercury.  The  battery-circuit  was  then  broken  ; 
and  the  acid  Avater  remained  at  its  unequal  level,  the  mercuiy 
acting  as  a  valve.  Then  the  direction  of  the  current  was  re- 
versed and  circulation  of  the  mercury  connnenced  in  the  op- 
posite direction,  carrying  the  acid  water  back  with  it  from  A 
and  heaping  it  up  in  B  as  in  the  figure. 
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Thus,  by  changing  the  direction  of  the  battery,  the  electro- 
lytic liquid  could  be  transferred  at  pleasure  from  one  limb  to 
fhe  other,  rising  on  that  side  in  which  the  positive  wire  was 
inserted,  whilst  the  mercury  globule  neyer  moyed  more  than 
\  inch  from  its  original  position. 

With  a  U-tube  of  1*3  centim.  bore,  the  acid  water  attained  a 
ditference  of  level  of  1'8  centim.  when  no  resistance  was  inserted 
in  the  circuit,  and  the  niveau  rose  I'o  centim.  in  twentyseconds. 

"With  a  U-tube  0*6  centim.  diameter,  the  acid  water  attained 
the  following  differences  of  level : — 

Eesistance  iBserted.  Difference  of  level. 

ohms.  centim. 

0  2-27 

1000  2-05 

5000  1-60 

10000  1-30 

The  times  (noted  ^^-ith  a  stop-watch)  which  the  column  took 
to  travel  from  0*5  centim.  below  to  0*5  centim.  above  the  zero 
of  the  scale  were  as  follows  : — 

Resistance  inserted.  Time  taken  to  alter 

ohms.  level  1  centim. 

0  4*6  seconds. 

1000  5-9       „ 

5000  16-2       „ 

10000  25-5       „ 

From  this,  the  rate  at  vrhich  the  liquid  is  pumped  by  the  cir- 
culating mercury  drop  appeared  to  be  almost  proportional  to 
the  current. 

When  the  quantity  of  mercury  in  the  U-tube  was  increased 
so  that  its  level  was  2  or  3  inches  up  the  tube,  the  quantity  of 
acid  water  which  it  pumped  was  extremely  small,  on  account 
of  the  increased  resistance  of  the  passage  between  the  mercury 
column  and  the  glass.  But  instead  of  this,  the  level  of  the 
mercury  in  the  two  sides  of  the  U-tube  was  altered,  rising  on 
that  side  in  Avhich  the  negative  wire  was  plunged  until  the 
altered  level  balanced  the  force  exerted  by  the  circulation  of 
the  mercury. 

This  brings  us  to  the  experiment  published  by  Draper 
(1845),  in  which  he  employed  a  U-tube,  one  limb  of  which 
was  of  larger  diameter  than  the  other,  the  narrower  one  only 
containing  acid  water  above  the  mercury.  With  this  appa- 
ratus Draper  observed  the  alteration  of  level  in  question  when 
the  current  was  sent  through  ;  and  he  ascribed  the  phenom(»- 
non  to  a  supposed  alteration  in  the  capillary  constant  of  the 
mercury.     A  modification  of  Draper's  apparatus  was  intro- 
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ducod  in  1873  by  Mr.  G.  Lijjpinann  uiuler  the  name  of  a 
''  capillary  electrometer,"  in  ■svliich  .similar  circulations  set  up 
in  the  mercury  produce,  of  course,  a  similar  alteration  of  level, 
but  in  explanation  of  which  ]\Ir.  Lippmann  re})roduces  Draper's 
theory  of  cai)illarity.  In  another  form  of  Mr.  Lippmann's 
"electrometer,"  a  column  of  mercury  is  supported  vertically 
in  a  tube,  the  bottom  of  which  is  drawn  out  to  a  capillary  bore 
and  dips  into  dilute  sulphuric  acid.  "When  the  capillary 
niveau  is  deoxidized,  the  circulation  which  is  set  up  in  the 
mercury  tends  to  cause  it  to  recede.  This  recession  is  op- 
posed and  finally  balanced  by  the  superincumbent  column. 
When  the  capillary  end  of  the  tube  is  slightly  conical,  which 
is  generally  the  case,  it  is  observed  that  on  breaking  the  cir- 
cuit the  niveau  of  the  niercury  returns  to  very  nearly  its  original 
position.  These  motions  require  a  very  small  current  to  produce 
them,  the  different  states  of  oxidation  of  the  two  mercury 
surfaces,  when  the  circuit  is  simply  closed  without  a  battery, 
being  generally  sufficient  to  cause  a  perceptible  movement. 

The  movement  of  the  mercury  in  Draper's  experiment  was 
limited  by  the  weight  of  the  column  raised  by  it.  When 
a  straight  horizontal  tube  (capillary  or  otherwise)  provided 
with  enlarged  ends  is  used,  the  acid  water  in  it  being  con- 
nected with  the  battery,  the  mercury  globule  pumps  very 
little  water  past  it,  but  marches  itself  onwards  to  the  end  of 
the  tube.  With  a  tube  whose  bore  was  about  0'05  centim.  dia- 
meter. Sir  C.  Wheatstone  found  that  a  single  Daniell  cell  caused 
sufficient  motion  to  take  place,  when  300,000  ohms  resistance 
were  inserted  in  the  circuit,  to  give  readable  signals*. 

If  an  inequality  could,  in  any  way,  be  produced  between 
the  capillary  constant  at  two  points  of  a  mass  of  mercury, 
without  being  due  to  an  alteration  of  the  chemical  constitution 
of  the  surface,  such  an  inequality  might  set  the  mercury  in 
movement.  But  by  no  means  that  I  am  aware  of  can  the 
capillary  constant  of  mercury,  as  long  as  the  chemical  nature 
of  its  surface  continues  unchanged,  be  made  inconstant.  To 
a  common  cause,  displacement  by  chemical  action,  are  due 
both  change  of  surface-tension  and  locomotion  ;  and  the  one 
effect  cannot,  in  any  sense  of  the  word,  be  said  to  be  the  cause 
of  the  other. 

»  This  experiment  is,  in  effect,  the  same  as  that  devised  by  Ernian  (in 
1S09),  which  llrst  suggested  to  Sir  C.  Wheatstone  the  idea  of  constructing 
a  mercury  receiving  instrument  ibr  telegraphic  purposes.  Ernum  oHers 
the  following  explanation  of  his  experiment : — "  The  elongation  and  pro- 
gressive motion  of  the  cylinder  of  mercury  in  the  tube  may  be  strictly  ex- 
plained by  the  mere  augmentation  of  adlicsion  and  by  the  introduction  of 
the  water  into  the  capillary  space  which  results  from  it."  Erman  also  sus- 
pected "  an  attraction  acting  at  a  distance." 
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To  find  the  effect  exerted  upon  the  capillary  constant  of  a 
common  mercurial  surface  by  deoxidation  and  further  oxida- 
tion, the  following  experiments  were  made: — 

A  copper  wire  of  0*3  centim.  diameter  and  18  centims.  long 
was  furnished  with  a  disk  VI  centim.  diameter  soldered  upon 
one  end.  The  lower  part  of  the  wire  and  upper  side  of  the 
disk  were  varnished,  and  the  under  side  of  the  disk  kept  care- 
fully amalgamated  for  some  days  in  order  to  avoid  any  change 
in  the  degree  of  amalgamation  taking  place  during  the  expe- 
riments :  at  its  other  end,  the  wire  was  suspended  and  cen- 
tred from  the  beam  of  a  chemical  balance.  A  vessel  of  dis- 
tilled water  was  then  placed  under  it,  the  water  reaching  about 
1  centim.  over  the  disk.  In  this  position  counterweights  were 
put  into  the  scale-pan  to  balance  it.  Then  mercury  was  in- 
troduced into  the  vessel  until  it  reached  and  made  contact  with 
the  amalgamated  face  of  the  disk,  some  of  the  water  being 
removed  to  brino-  it  to  its  original  level.  AVeiohts  were  then 
added  to  the  scale-pan  to  detach  the  amalgamated  disk  from 
the  mercury — that  is,  to  find  what  column  of  mercury  the 
outer  skin  was  able  to  sustain.  A.  similar  series  was  also  made 
"SAath  acid  Avater.  A  battery  was  then  connected  between  the 
mercury  in  the  vessel  and  a  platinum  wire  immersed  in  the 
water.  The  resultant  electromotive  force  of  the  circuit  was 
measured  from  time  to  time  to  avoid  uncertainty  through  po- 
larization. 


Liquid. 


Distilled 
water. 


Mercury  being  deoxidized. 

Detachino'  Tveiofht 


Circuit  open. 


9-58/ 


\ 


'  Electromotive  force  =    /  9"65  | 
1-2  Danie]lt9-G5j 


„  0-0- 

„         11-0 

Circuit  open... 


r  9-64  I 
\  9-62  / 
/  9-65  I 
l9-(35/ 
(  9-58  \ 
■  19-58/ 


f  Electromotive  force  =    /  9"81  ) 
0-47  Daniellt9-83  j 


Dilute  sul- 
phuric acid  •{ 


0-81 


1-74 


„  \  9-83  \ 
(9-82^ 
(.9-83J 
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grms. 
mean  9 '5  7 

„  9-65 

„  9-63 

„  9-65 

„  9-58 

„  9-82 

„      9-83 

„      9-83 
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With  oaoli  biittorv-power  the  dooxidatioii  was  continued 
durinfT  two  or  three  hours,  the  readings  being  taken  at  inter- 
vals. Weigliings  witli  higlier  ])atterv-|)owers  were  impracti- 
cabk',  on  account  of  the  ailhesion  of  hydrogen  bubbles  around 
the  suspended  disk. 

It  appears  from  the  above  experiments  that  under  water 
and  acidulated  water  the  surtace-tension  of  mercury  is  slightly 
increased  when  deoxidized  by  an  electric  current,  the  deoxi- 
dation  under  acid  water  a])pearing  to  be  more  complete  than 
under  distilled  water.  When  the  mercurial  surface  was  deoxi- 
dized by  means  of  sodium  hyposulphite,  the  effect  was  similar 
to  that  produced  by  the  battery  with  acid  water  ;  but  the  de- 
oxidation  did  not  appear  to  be  so  complete. 

The  amalgamated  copper  disk  of  the  previous  experiments 
was  balanced  as  before  ;  and  the  weights  required  to  detach  it 
from  a  surface  of  mercury  in  (1)  distilled  water,  and  (2)  when 
crystals  of  hyposulphite  of  soda  were  dissolved  in  it,  were  mea- 
sured, as  follows : — 

Liquid.  Detaching  weight. 

r9-58) 

(1)  Distilled  water <  9*57  Vmean  9"58  grms. 

(2)  Crystals  ot  sodium  hyposul 

phite  added ". ^  9-78  V     „    9-79 


(9-79J 


Mercury  being  oxidized. 
When  a  mercury  surface  is  undergoing  a  process  of  oxida- 
tion by  the  battery,  it  is,  as  we  know,  expanding  correspond- 
ingly wdth  the  atomic  volume  of  the  metal  and  that  of  its  sub- 
oxide. We  are  therefore  prepared  to  find  a  greatly  reduced 
detaching  weight,  due,  not  to  any  change  in  the  capillary  con- 
stant of  mercury  properly  so  called,  but  to  an  actual  destruc- 
tion of  the  surface  itself. 

Measurements  were  made  with  the  same  amalgamated  disk 
whilst  the  mercury  was  being  oxidized  both  under  water  and 
under  dilute  sulphuric  acid,  with  the  following  results  : — 

Liquid.  Detaching  weight.        grms. 

Circuit  open  9*59 

TElectromotive  force  =  f  9'56  ")  ^  -- 

I  l-0Damelli9-58|"^^''^"^^' 

Distilled  water  'i  „         6*2       „       -|  (^.^-  V     „      9-55 

"       11-^       "       {ill}     "      ^'^2 

Dilute  suiphu-  /    ^^    ^.^3  ^';  ;:::;:;;;:;.■;;;;::  8-45 

ricacicl.  1^  j.gg  ^.Qg 
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If  at  any  moment  the  electric  circuit  was  interrupted,  the 
weight  required  to  detach  the  disk  immediately  increased, 
showing  that  the  relaxation  of  surface-tension  Avas  due  to  the 
process  of  oxidation,  and  not  to  the  presence  of  oxide  only. 

It  is  evident  from  the  foregoing  experiments: — (1)  that  the 
deoxidation  of  an  ordinary  surface  of  mercury  to  a  slight  ex- 
tent increases  its  surface-tension  ;  but  when  the  deoxida- 
tion is  as  complete  as  it  can  become  in  the  liquid  employed, 
no  further  change  appears  to  take  place  by  increasing  the 
battery-power  ;  and  (2)  that  ynih.  the  mercury  in  process  of 
oxidation  we  haye  to  deal  with  a  surface  which  is  being  trans- 
formed into  a  substance  with  little  or  no  cohesion,  at  a  rate 
increasing  with  a  stronger  current. 

In  this  investigation  i  have  confined  myself  to  some  of  the 
direct  effects  of  deoxidation  of  mercurial  sui-faces.  There  are 
other  well-known  phenomena  of  the  motions  of  mercury  in 
which  the  reduction  of  other  metals  from  solutions  plays  an 
important  part ;  but  they  are  beyond  the  purpose  of  the  pre- 
sent inquiry. 

To  sum  up  the  results,  we  are,  I  think,  entitled  to  con- 
clude : — 

(1)  That  the  electricity  disengaged  between  pure  mercury 
surfaces  (when  not  hydrogenized)  is  due  to  different  states  of 
oxidation. 

(2)  That  the  motions  observed  to  take  place  in  mercury 
electrodes  under  water  (or  dilute  sulphuric  acid)  are  due  to  the 
displacement  of  the  surface  corresponding  to  the  different 
atomic  volumes  of  the  metal  and  its  suboxide  (or  suboxide  and 
sulphate). 

(3)  That  the  pumping  action  of  a  column  of  mercury  in  a 
tube  or  narrow  channel  is  due  to  rapid  circulation  caused  by 
such  displacement. 

(4)  That  these  motions  are  not  due  to  change  of  either  con- 
stant of  capillarity  or  adhesion.     And,  finally, 

(5)  That  we  may  give  a  negative  answer  to  Draper's 
question,  viz.  "/s  capillari/  attraction  an  electrical  i)]ieno- 
raenon'^.  " 

In  these  experiments  I  have  had  the  advantage  of  the  coope- 
ration and  assistance  of  Mr.  M'Eniry,  who  also  carried  out  all 
the  experiments  which  the  late  Sir  C.  Wheatstone  made  on  the 
subject  of  his  mercury  receiver. 

.London,  October  6,  1876. 
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LXI.  Researches  in  Acoustics. 

By  Alfred  M.  Mayer*. — No.  VIII. 

[Continued  from  4th  Series,  vol.  xlix.  p.  432.] 

Contexts. 

1.  On  the  Obliteration  of  the  Sensation  of  one  .Sound  by  the  simultaneous 

action  on  the  ear  of  another  more  intense  and  lower  sound. 

2.  On  the  Discovery  of  the  Fact  that  a  Sound,  even  when  intense,  cannot 

obliterate  the  Sensation  of  another  Sound  lower  than  it  in  pitch. 

3.  On  a  proposed  Change  in  the  usual  Method  of  conducting  Orchestral 

Music,  indicated  by  the  above  discoveries. 

4.  Applications  of  the  Interferences  of  Sonorous  Sensations  to  Determi- 

nations of  the  Relative  Intensities  of  Sounds. 

THIS  coTiimunication  is  preliminary  to  an  elaborate  paper 
on  the  above  subjects.  For  conciseness  and  clearness 
I  present  the  few  facts  I  have  now  to  offer  in  the  form  of 
notes  of  experiments. 

1.    0)1  the    Obliteration  of  the  Sensation  of  one  Sound  by  the 

simultaneous  action  on  the  ear  of  another  more  intense  and 

lower  sound. 

Experimental  Observations  on  the  Oblitei'ation  of  one  Sound 
by  another. — Several  feet  from  the  ear  I  placed  one  of  those 
loud-ticking  spring-balance  American  clocks  which  make 
four  beats  in  a  second.  Then  I  brought  quite  close  to  my 
ear  a  watch  (made  by  Lange,  of  Dresden)  ticking  five  times 
in  the  second.  In  this  position  I  heard  all  the  ticks  of  the 
watch,  even  those  which  coincided  with  every  fourth  tick  of 
the  clock.  Let  us  call  the  fifth  tick  of  the  watch  which  co- 
incided with  one  of  the  ticks  of  the  clock,  its  fifth  tick.  I 
now  gradually  removed  the  watch  from  the  ear  and  perceived 
that  the  fifth  tick  became  fainter  and  fainter,  till  at  a  certain 
distance  it  entirely  vanished  and  was,  so  to  speak,  ''  stamped 
out"  of  the  watch  t. 

Similar  and  more  striking  experiments  were  made  with  an 

*  Communicated  by  the  Author. 

I  In  the  publication  of  this  paper  in  'Nature,'  Aug.  10,  1876,  my 
fi-iend  Mr.  Alexander  .7.  Ellis,  F.R.S.,  appends  the  following  note  to  the 
above  experiment : — "  The  precise  numbers  of  ticks  in  a  second  here 
mentioned  are  not  necessary  for  roughly  observing  and  understanding 
these  phenomena.  I  obsei-ved  them  by  a  common  American  pendulum- 
clock  placed  on  a  table  (which  increased  the  power  of  its  half-second 
ticks),  and  a  watch  beating  five  times  in  two  seconds.  The  Rev.  Mr. 
Haweis  informs  me  that  he  has  often  noticed  a  similar  effect  at  night 
■with  ordinary  watches.  The  sensation  produced  by  the  obliteration  of 
the  tick  when  the  proper  distance  of  tne  watch  from  the  ear  has  been 
attained,  and  the  consequent  sudden  division  of  the  ticks  into  periods 
separated  by  silences,  is  very  peculiar.  It  is  difficult  not  to  believe  that 
some  accident  has  suddenly  interfered  with  the  action  of  the  watch 
instead  of  merely  with  our  own  sensations. " — A.  J.  E. 
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old  silver  watch,  beating  four  times  to  the  second,  bv  causing 
this  watch  to  gain  about  thirty  seconds  an  hour  on  the  clock, 
so  that  at  every  two  minutes  the  ticks  of  the  watch  and  clock 
exactly  coincided.     When  the  watch  was  held  near  the  ear, 
eveiy  one  of  its  ticks  was  heard  distinctly  ;  but  on  gradually 
removing  it  from  the  ear  the  ticks  of  the  watch  became  fainter 
and  fainter  at  the  coincidences,  and  when  the  watch  had  been 
removed  to  a  distance  of  nine  inches  from  the  ear  the  ticks  of 
the  watch  were  utterly  obliterated  during  three  whole  seconds 
of  its  ticks  about  the  time  of  coincidence.     On  removing  the 
watch  to  a  distance  of  twenty-four  inches  I  found  that  1  lost 
its  ticks  dui'ing  )iine  seconds  about  the  time  of  coincidence. 
It  is  here  important  to  remark  that  the  ticks  of  the  clock  are 
longer  in  duration,  as  well  as  loicer  in  pitch,  than  those  of  the 
watch.     With  the  watch  remaining  at  a  distance  of  twenty- 
four  inches  from  the  ear,  I  listened  with  all  my  attention  as 
tick  by  tick  the  watch  approached  the   time  of  coincidence. 
Since  the  ticks  of  the  watch  are  shorter  in  duration  than  those 
of  the  clock,  they  are  overlcipped  by  the  others  about  the  time 
of  coincidence.     Hence  as,  so  to  speak,  the  short  ticks  of  the 
watch  glided  tick  after  tick  under  the  long  ticks  of  the  clock, 
I  perceived  that  more  and  more  of  the  duration  of  each  suc- 
cessive watch-tick  became   extinguished  bv  the  tick  of  the 
clock,  until  only  the  tail  end  of  the  short  tick  of  the  watch 
was  left  audible ;   and  at  last  even  this  also  crept  under  the 
long  tick  of  the  clock,  and  the  whole  of  the  ticks  of  the  watch 
were  rendered  inaudible  for  nine  seconds,  at  the  end  of  which 
time  the  front  or  head  of  the  watch-tick,  as  we  mav  call  it, 
protruded  beyond  the  clock-tick,  and  then  slowlv  grew  up 
into  a  complete  watch-tick  as  before.     In  this  succession  of 
events  the  tick  of  the  old  silver  watch  (made  bv  Tobias)  dis- 
appears with  a  sharp  chirp  like  a  cricket's,  and  reappears  with 
a  sound  like  that  made  by  a  boy's  marble  falling  upon  others 
in  his  pocket.      By  this    experiment,  therefore,  a    gradual 
analysis  is  made  of  the  effect  of  the  tick  of  the  clock  on  the 
tick  of  the  watch,  aftbrding  a  beautiful  illustration  of  the 
fact  that  one  sonorous  sensation  may  overcome  and  obliterate 
another. 

Experiments  to  determine  the  relative  Intensity  of  the  Cloch- 
ticks  ichich  obliterate  the  Watch-ticks. — The  clock  was  placed 
on  a  post  in  the  middle  of  an  open  level  field  in  the  country 
on  nights  when  the  air  was  calm  and  noiseless.  The  ticks  of 
the  clock  became  just  inaudible  when  my  ear  was  removed  to 
a  distance  of  350  feet.  The  ticks  of  the  watch  became  just 
inaudible  at  a  distance  of  twenty  feet.  The  ratio  of  the  squares 
of  these  numbers  makes  the  ticks  of  the  clock  about  300  times 
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as  intense  as  those  of  the  watch.  On  the  same  nights 
that  I  made  the  above  determinations  I  also  put  the  clock  on 
the  post,  and  placing  against  mv  zygomatic  process  a  slender 
stick  graduated  to  inches  and  tenths,  I  stood  with  my  ear  at 
distances  from  the  clock  of  froui  eight  to  sixteen  feet,  and  then 
slid  the  watch  above  and  along  the  stick  (taking  care  that  it 
did  not  touch  it)  until  it  reached  such  a  distance  from  the  ear 
that  its  fifth  tick  just  disappeared.  Knowing  the  relative  in- 
tensities of  the  ticks  of  clock  and  watch  when  placed  at  the 
same  distance  from  the  ear,  the  law  of  the  reciprocals  of  the 
squares  gives  the  relative  intensities  when  the  clock  and 
watch  are  at  the  several  distances  obtained  in  the  above  ex- 
periments. Large  numbers  of  such  experiments  have  been 
made;  and  the  results  agree  perfectly  well  when  we  take  into 
consideration,  first,  the  difficulty  thrown  in  the  path  of  the 
determinations  by  the  gradual  fading  away  of  the  watch-ticks 
as  they  approach  coincidence  with  the  clock-ticks,  and 
secondly,  the  impossibility  of  arriving  at  a?iy  result  at  all  if 
the  slightest  noise  (the  rustle  of  a  gentle  breeze,  the  piping  of 
frogs,  the  bark  of  a  distant  dog)  should  fall  on  the  ear  of  the 
observer  when  engaged  in  making  an  experiment.  The 
general  result  of  the  numerous  experiments  thus  made  shows 
that  the  sensation  of  the  watch-tick  is  obliterated  by  a  coin- 
cident tick  of  the  clock  when  the  intensity  of  the  clock-tick 
is  three  times  that  of  the  watch-tick.  This  result,  however, 
must  be  regarded  as  merely  approximative,  not  only  from  the 
manner  in  which  it  was  obtained,  but  from  the  compleanty  of 
the  sounds  on  which  the  experiments  were  made.  It  is  in- 
teresting, however,  both  as  being,  I  believe,  the  first  deter- 
mination of  this  kind  that  has  ever  been  made,  and  as  having 
opened  out  a  new  and  important  field  of  research  in  physio- 
logical acoustics. 

Experiments  on  the  Interference  of  the  Sensations  of  Musical 
Sounds. — Reserving  the  further  development  of  my  dis- 
coveries for  futm-e  papers,  I  will  now  briefly  describe  some 
of  the  more  prominent  and  simple  phenomena  which  I  dis- 
covered in  experimenting  with  inusical  sounds.  At  the  outset 
I  will  remove  an  objection  always  made  by  those  versed  in 
acoustics  but  unacquainted  with  these  new  phenomena.  It 
is  as  follows: — "You  say  that  one  sound  may  obliterate  the 
sensation  of  another  ;  but  are  you  sure  that  the  real  fact  is 
not  an  alteration  of  the  qualitij  of  the  more  intense  sound  by 
the  action  of  the  concurrent  feebler  vibration  ?"'  I  exclude 
this  objection  by  experimenting  as  follows: — An  open  or 
closed  organ- pipe  is  sounded  forcibly ;  and  at  a  few  feet  from 
it  is  placed  the  instrument  emitting  the  sound  to  be  oblite- 
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rated,  which  may  be  either  a  tuning-fork  on  its  resonance- 
box  or  a  closed  organ-pipe  communicating  with  a  separate 
bellows.  Suppose  that  in  the  follo^A^ng  experiment  both 
tuning-fork  and  closed  organ-pipe  produce  a  note  higher  in 
pitch  than  the  more  intense  or  extinguishing  sound  of  the 
open  organ-pipe.  iSTow  sound  the  fork  alone  strongly,  and 
alternately  shut  and  open  its  resonance  box  with  the  hand. 
We  can  thus  obtain  the  sound  of  the  fork  in  a  regular  measure 
of  time.  When  the  ear  has  well  apprehended  the  intervals  of 
silence  and  of  somid  thus  produced,  begin  the  experiment  by 
sounding  the  open  pipe  and  tuning-fork  simultaneously. 
Xow  if  any  change  is  thus  eflected  in  the  quality  of  sound 
emitted  by  the  open  pipe,  this  change  cannot  occur  except 
when  the  fork  is  sounded,  and  hence,  if  it  occurs  at  all,  it 
must  occur  in  the  regular  measure  in  which  the  fork  is 
sounded.  The  following  are  the  facts  really  observed.  At 
first  every  time  that  the  mouth  of  the  box  is  open  the  sound 
of  the  fork  is  distinctly  heard  and  changes  the  quality  of  the 
note  of  the  open  pipe.  But  as  the  vibrations  of  the  fork  run 
down  in  amplitude  the  sensations  of  its  eifect  become  less  and 
less  till  thev  soon  entirelv  vanish,  and  not  the  slightest  change 
can  be  observed  in  the  qualit}^  or  intensity  of  the  note  of  the 
open  organ-pipe,  whether  the  resonance  box  of  the  fork  be 
open  or  closed.  Indeed  at  this  stage  of  the  experiment  the 
vibrations  of  the  fork  may  be  suddenly  and  totally  stopped 
without  the  ear  being  able  to  detect  the  fact.  But  if  instead 
of  stopping  the  fork  when  it  becomes  inaudible  we  stop  the 
sound  of  the  open  organ  pipe,  it  is  impossible  not  to  feel  sur- 
prised at  the  strong  sound  of  the  fork  which  the  open  pipe 
had  smothered  and  had  rendered  powerless  to  affect  the  ear. 
If  we  replace  the  tuning-fork  by  a  closed  organ-pipe  of  the 
same  pitch,  the  results  will  be  the  same  ;  but  in  this  case  I 
adjust  the  intensity  of  the  higher  closed  pipe  to  the  point  of 
extinction  by  regulating  the  flow  of  air  from  the  bellows  by 
a  valve  worked  with  a  screw.  The  alternation  of  sound 
and  silence  is  obtained  by  closing  and  opening  the  mouth 
of  the  closed  pipe  by  the  hand. 

2.  On  the  Discovery  of  the  Fact  that  a  Sound,  even  xchen  intense, 
cannot  obliterate  the  sensation  of  another  Sound  louer  than  it 
in  pitch. 

High  Sounds  cannot  obliterate  Low  Sounds. — A  new  and 
remarkable  fact  was  now  discovered.  No  sound,  even  when 
very  intense,  can  diminish  or  obliterate  the  sensation  of  a 
concurrent  sound  which  is  lower  in  pitch.  This  was  proved 
by  experiments  similar  to  the  last,  but  differing  in  having  the 
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more  intense  sound  higher  (instead  of  lower)  in  pitch.  In 
this  case,  when  the  ear  decides  that  the  sound  of  the  (lower 
and  feebler)  tuning-fork  is  just  extinguished,  it  is  generally 
discovered  on  stopping  the  higher  sound  that  the  fork,  which 
should  produce  the  lower  sound,  has  ceased  to  vibrate.  This 
surprising  experiment  must  he  made  in  order  to  be  appre- 
ciated. 1  will  only  remark  that  very  many  similar  experi- 
ments, ranging  through  four  octaves,  have  been  made,  with 
consonant  and  dissonant  intervals,  and  that  scores  of  different 
hearers  have  coiitirmed  this  discovery.  It  is  important  to 
understand  that  this  phenomenon  depends  solely  on  dijference 
of  pitch,  and  not  at  all  on  the  absolute  pitch  of  the  notes. 
Thus  a  feeble  c'"  (1024  double  vibrations)  is  heard  as  di- 
stinctly through  an  intense  ^"  (1280  double  vibrations)  as  a 
feeble  c  (128  double  vibrations)  is  heard  through  an  intense 
/7  (192  double  vibrations)  or  an  intense  c'  (256  double 
vibrations). 

The  development  of  the  applications  and  of  the  further 
illustrations  of  these  discoveries  would  occupy  too  much  space ; 
I  must  therefore  restrict  myself  to  mentioning  some  of  the 
most  interestino;.  Let  a  man  read  a  sentence  over  and  over 
again  with  the  same  tone  and  modulation  of  voice,  and  while 
he  is  so  doing  forcibly  sound  a  c'  pipe  (256  double  vibrations). 
A  remarkable  effect  is  produced,  which  varies  somewhat  with 
the  voice  experimented  on;  but  the  ordinarv  result  is  as  follows. 
It  appears  as  though  two  persons  were  reading  together,  one 
with  a  grave  voice  (which  is  found  by  the  combination  of  all 
the  reader's  real  vocal  sounds  below  c  in  pitch,  or  having  less 
than  'Ih'o  double  vibrations),  the  other  M'ith  a  high-pitched 
voice,  generally  squeaky  and  nasal,  and,  I  need  not  add,  very 
disagreeable.  Of  course  the  aspirates  come  out  with  a  dis- 
tressing prominence.  I  have  observed  many  curious  illus- 
trations of  this  change  in  the  quality  of  the  tone  of  the  voice, 
caused  by  the  entire  or  partial  obliteration  of  certain  vocal 
components,  while  listening  to  persons  talking  during  the 
sound  of  a  steam  whistle,  or  in  one  of  our  long,  resonant 
American  railway  carriages.  Experiments  similar  to  those 
on  the  human  voice  can  be  made,  with  endless  modifications, 
on  other  composite  sounds,  as  those  of  reed-pipes,  of  stringed 
instruments,  of  running  water,  &c.  With  one  of  my  c  (128 
double  vibrations)  free  Grenie  reeds,  I  get  very  marked  re- 
sults. Using  as  a  concurrent  sound  an  intense  c'  (25<)  double 
vibrations),  1  perceive  the  prime  or  fundamental  simple  tone  c 
to  be  unaffected  in  intensity,  while  all  the  other  partial  tones 
(higher  harmonics  or  overtones,  as  they  are  sometimes  called) 
are  almost  obliterated,  except  the  fifth  partial  (or  fourth  upper 
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partial  e",  of  640  double  vibrations,  and  the  sixth  partial  (or 
iifth  upper  partial)  g^'  (of  768  double  vibrations),  which  come 
out  with  wonderful  distinctness.  The  fact  that  the  lowest,  or 
prime  partial  tone  in  the  majoritv  of  ordinary  compound 
musical  tones  is  strongest,  is  due  (among  other  reasons)  to 
the  fact  that  the  sensation  of  each  partial  tone  of  which  the 
whole  mitsical  tone  is  composed,  is  diminished  by  the  action 
on  the  ear  of  all  the  components  or  partial  tones  below  it  in 
pitch.  Thus  the  higher  the  pitch  of  any  component  or  partial 
tone  the  greater  the  number  of  lower  components  which  tend 
to  obliterate  it.  But  the  prime,  or  lowest,  component  partial 
tone  is  not  affected  by  any  other.  Another  illustration  I 
cannot  resist  giving.  At  the  end  of  the  street  in  Xew  York 
in  which  I  resided,  there  is  a  large  fire-alarm  bell,  the  residual 
sound  of  which,  after  its  higher  components  have  disappeared, 
is  a  deep  simple  tone.  This  bass  sound  holds  its  own  with 
total  indifference  to  the  clatter  of  horses,  or  to  any  sounds 
above  it  in  pitch.  It  dies  out  with  a  smooth  gradient,  gene- 
rally without  the  slighest  indentation  or  break  produced  by 
the  other  sounds  of  the  street.  Indeed,  in  this  case,  as  in  all 
others  where  one  sound  remains  unaffected  by  intense  higher 
notes,  the  observer  feels  as  though  he  had  a  special  sense  for 
the  perception  of  the  graver  sound — an  organ  entirelv  distinct 
from  that  which  receives  the  impress  of  the  higher  tones. 

That  one  sonorous  sensation  cannot  interfere  with  another 
which  is  lower  in  pitch  is  a  remarkable  physiological  discoverv, 
and,  next  after  the  demonstration  of  the  fact  that  the  ear  is 
capable  of  analyzing  compound  musical  sounds  into  their  con- 
stituent or  partial  simple  tones,  is  probably  the  most  important 
addition  yet  made  to  our  knowledge  of  the  nature  of  hearinc. 
It  cannot  fail  to  introduce  profound  modifications  into  the 
hypotheses  heretofore  framed  respecting  the  mechanism  and 
functions  of  the  ear. 

3.  On  a  proposed  Change  in  the  usual  Method  of  conducting 
Orchestral  Music,  indicated  by  the  above  discoveries. 
We  have  seen  how  an  intense  sound  mav  obliterate,  en- 
tirely or  in  part,  the  sensations  of  certain  partial  tones  or 
components  of  any  musical  tone,  and  thus  produce  a  profound 
change  in  its  quality.  In  a  large  orchestra  I  have  repeatedly 
witnessed  the  entire  obliteration  of  all  sounds  from  violins  by 
the  deeper  and  more  intense  sounds  of  the  wind  instruments, 
the  double-bases  alone  holding  their  own.  I  have  also  ob- 
served the  sounds  of  the  clarinets  lose  their  peculiar  quality 
of  tone  and  consequent  charm  from  the  same  cause.  Xo 
doubt  the   conductor  of  the  orchestra  heard  aU  his  violins, 
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ranged  as  they  always  are  close  around  him,  and  did  not  per- 
ceive that  his  clarinets  had  lost  that  quality  of"  tone  on  which 
the  composer  had  relied  for  producin*;  a  .s{)ecial  character  of 
expression. 

The  function  of  the  conductor  of  an  orchestra  seerns  to  be 
threefold.  First,  to  regulate  and  fix  the  time.  Secondly,  to 
regulate  the  intensity  of  the  sounds  produced  by  the  indi- 
vidual instruments,  for  the  purpose  of  expression.  Thirdly, 
to  give  the  pro])er  quality  of  tone  or  feeling  to  the  whole 
sound  of  his  orchestra,  considered  as  a  single  instrument,  by 
regulating  the  relative  intensities  of  the  sounds  produced  bv 
the  various  classes  of  instruments  employed.  Now  this  third 
function,  the  regulation  of  relative  intensities,  has  hitherto 
been  discharged  through  the  judgment  of  the  ears  of  a  con- 
ductor who  is  placed  in  the  most  disadvaniageous  position  for 
judging  by  his  ears.  Surely  he  is  not  conducting  for  his  own 
personal  gratification,  but  for  the  gratification  of  his  audience, 
whose  ears  stand  in  very  different  relations  from  his  own  in 
respect  of  their  distance  from  the  various  instruments  in 
action.  Is  it  not  time  that  he  should  pay  more  attention  to 
his  third  function,  and  place  himself  in  the  position  occupied 
by  an  average  hearer?  This  position  would  be  elevated,  and 
somewhere  in  the  midst  of  the  audience.  The  exact  deter- 
mination of  its  place  would  depend  on  various  conditions 
which  cannot  now  be  considered.  That  the  position  at  pre- 
sent occupied  by  the  conductor  of  an  orchestra  has  often 
allowed  him  to  deprive  his  audience  of  some  of  the  most 
delicate  and  touching  qualities  of  orchestral  and  concerted 
vocal  music  I  have  no  doubt,  and  I  firmly  believe  that  when 
he  changes  his  position  in  the  manner  now  proposed,  the 
audience  will  have  some  of  that  enjoyment  which  he  has  too 
long  kept  to  himself.  During  the  past  winter,  in  the  Aca- 
demy of  Music  at  New  York,  and  this  spring  at  Offenbach's 
concerts,  I  fully  confirmed  all  the  foregoing  surmises,  by 
placing  myself  in  different  parts  of  the  house  to  observe  the 
different  results;  and  my  opinions  were  fully  shared  by  others 
who  have  a  more  delicate  musical  organization  than  1  can  lay 
claim  to. 

In  large  orchestras  these  interferences  of  sonorous  sensa- 
tions are  so  multiplied  and  Aarious  as  to  be  beyond  our  mental 
conception.  By  taking  them  up  in  detail,  however,  some 
general  laws  may  be  evolved.  But  it  will  be  impossible  to  for- 
mulate such  laws  until,  first,  we  are  in  possession  of  a 
quantitative  analysis  of  the  compound  tones  of  all  musical 
instruments  (that  is,  until  we  know  the  relative  loudness  of 
the  partial  tones  of  which  they  are  composed  at  all  parts  of 
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their  compass),  and,  secondly,  we  have  determined  throughout 
the  musical  scale  the  relative  intensities  of  the  sounds  (of 
simple  tones)  when  obliteration  of  the  sensations  of  higher 
(simple)  tones  supervenes.  The  powerlessness  of  one  sound 
to  atfect  the  sensation  due  to  another  sound  lower  than  itself 
in  pitch  greatly  simplifies  this  problem. 

4.  Applications  of  the  Interferences  of  Sonorous  Sensations  to 

I)eterminations  of  the  Relative  Intensifies  of  Sounds. 

Quantitative  analysis  of  the  compound  tones  of  musical 
instruments  is  now  the  great  desideratum  of  the  composer. 
It  is  only  after  we  knoAv  the  relative  intensities  of  the  com- 
ponents of  typical  musical  tones  used  in  orchestral  perform- 
ances that  we  can  so  regulate  their  intensities  as  to  give  those 
qualities  of  sound  which  the  composer  desires  to  be  heard. 
Thus  it  at  once  becomes  evident  that  the  instruments  used  in 
orchestral  music  should  be  very  ditferently  constructed  from 
those  used  for  solos  or  quartets.  In  orchestral  instruments 
certain  characteristic  upper  partials  (overtones,  harmonics) 
should  predominate  in  order  to  find  expression  in  the  midst 
of  other  and  graver  sounds.  Such  orchestral  instruments  will 
therefore  have  exaggerated  peculiarities  in  their  qualities  of 
tone  which  will  render  them  unfit  to  be  played  on  alone  and 
uninfluenced  by  other  orchestral  notes.  It  is  surely  not  hope- 
less to  anticipate  that  empirical  rules  may  be  attained,  which 
will  guide  the  musical-instrument-maker  to  the  production  of 
those  special  qualities  of  tone  required  in  orchestral  instru- 
ments. It  is  fortunate  that  the  very  phenomena  of  the  inter- 
ferences of  sonorous  sensations  will  assist  in  the  much-desired 
solution  of  the  problem  of  measuring  the  intensitv  of  a  sound 
(simple  tone),  either  when  existing  alone  or  as  component  of 
an  ordinary  musical  (compound)  tone.  On  this  subject  I  am 
now  engaged.  It  is  evident  (by  way  of  illustration)  that,  so 
far  as  concerns  the  measure  of  the  relative  intensities  of 
sounds  of  the  same  pitch,  this  problem  has  already  received 
the  simplest  solution  by  merely  placing  these  sounds  at 
various  distances  and  obliterating  the  sensations  thev  excite 
by  means  of  a  constant  and  standard  sound  of  a  lower  pitch. 
But  I  reserve  a  description  of  this  work  for  a  more  formal 
publication. 


[    508     ] 

LXII.  Attempt  at  a  Theory  of  the  (^Anomalous)  Dispersion  of 
Light  in  Singly  and  Doubly  Refracting  Media.  By  Professor 
E.  Ketteler. 

[Continued  fi-om  p.  422.] 
12.  T"N  the  present  investigation  wc^  now  come  to  perhaps 
-L     the  most  essential  cliificnlty  which  has  hitherto  stood 
in  the  way  of  the  extension  of  FresneFs  theory  of  refl(!ction  to 
anisotropic  media. 

In  tlie  universal  ffithor  as  first  medium  let  a  wave-plane  po- 
larized under  any  azimuth  be  supposed  to  fall  upon  a  plane 
face  of  a  crystal  with  any  orientation  whatever  ;  there  will  in 
general  arise,  besides  the  reflected  wave,  two  refracted  ones. 
In  order  to  determine  them  according  to  amplitude  and  azi- 
muth, we  require,  as  with  the  transmission  of  light  into  an 
isotropic  medium,  four  different  limit-equations.  But  while 
(on  account  of  the  divisibility  of  the  fundamental  theorem  of 
file  vires  vivce)  two  principles  there  suffice  for  their  derivation, 
three  are  necessary  here.  We  designate  them  briefly  as  the 
principle  of  so-called  continuity,  the  principle  of  equality  of 
work,  and  the  principle  of  i-ires  viva;.  The  first  and  third  we 
owe  to  Fresnel  and  Neumann,  while  the  second  is,  as  far  as  I 
know,  new. 

I.  The  principle  of  the  equivalence  of  the  quantities  of  motion 
w  continuity  parallel  to  the  dividing  surface. — Let  the  whole 
of  the  vibrations  be  referred  to  a  system  of  coordinates  whose 
Z-axis  falls  in  the  vertical  direction,  its  Y-axis  is  perpendicular 
to  the  plane  of  incidence,  and  its  X-axis  is  consequently  the 
intersection  of  the  planes  of  incidence  and  division.  Further, 
let  the  vibrations  p  of  the  jsther  particles  of  the  boundary 
layer  be  analyzed  parallel  to  the  axes  into  the  components  ^, 
77,  ^.  The  fundamental  principle  of  continuity  then  requires 
that  for  the  two  former  parallel  to  the  dividing  plane,  there- 
fore parallel  as  well  as  perpendicular  to  the  ])lane  of  incidence, 
the  sum  of  the  components  of  the  velocities  of  vibration  in  the 
incident  and  reflected  wave  be  equal  to  the  sum  of  these  com- 
ponents in  the  two  refracted  waves.  We  have  consequently : — 

^(iE+fR)_^(rD+ru 


dt  dt 

dt  dt 


=  0.     .     .    (27) 


I  particularly  remark  that  this  fundamental  theorem  is  to 
be  referred  only  to  the  complete  excursions — that  is,  to  those 
which  have  hitherto  been  denoted  by  p^,  and  their  amplitude, 
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in  contradistinction  to  A,  by  \.  In  reference  to  this  distinc- 
tion, however,  the  mere  geometrical  continuity  is,  as  we  see, 
not  sufficient.  We  have  much  rather  to  consider  the  vis  viva 
of  the  individual  gether  particles  adjacent  to  the  dividing  sur- 
face as  a  pushing  force  m  -j- ;  and  now  not  merely  will  the 

quantity  of  the  motion  parallel  to  the  plane  0=0  in  the  first 
medium  be  equal  to  that  in  the  second,  but  it  is  evident 
that  in  an  outward  direction  it  can  be  represented  only  by  the 
amplitude  A^  of  the  refracted  waves  and  not  by  A.  If  the 
continuity  alone  indeed  gave  the  measure,  we  could  for  media 

in  motion,  as  for  those  at  rest,  exchange  p  and  -j-  for  one  an- 
other at  pleasure,  which  is  demonstrably  wrong.  Correspond- 
ing to  this  requirement,  in  the  foregoing  equations  the  ^g,  t/^ 
of  the  refracted  waves  also  are  externally  indicated. 

Since  these  equations  preserve  their  validity  moreover  for 
all  points  (^  =  0)  of  the  continuously  successive  wave-planes 
which  fall  into  the  dividing  surface  itself,  it  seems  appropriate 
here  to  refer  the  excursions  not,  as  above,  to  the  direction  of 
the  ray,  but  to  the  normal,  and  therefore  to  put  generally 

.  Itt  {       z  cos  a.  +  X  sin  a.       „  A 

^0=^0 cos  Yx^ ^; ®  7' 

where  a  denotes  successively  the  angles  of  incidence,  reflection, 
and  refraction,  and  by  A,=  a)T  is  to  be  understood  the  wave- 
length along  the  normal. 

I  moreover  take  leave,  differino:  from  Cauchv,  who  treats  all 
velocities  of  propagation  alike,  to  characterize  them  accordmg 
to  their  direction,  by  opposite  signs.     I  thus  write  them  more 

naturally  f  6  =  —  j  : — 


A  o     r^        ( C2,      r  cos  ae  +  .r  sin  weN  \ 

A  o      r  ^  ( r\   ,    ^COS«R  +  ^sinaR\  ") 

^D-Ao,cos2^{^-(0+ 5_ Jl 


(28) 


J 


If,  lastlv,  U,  Y,  W  are  the  angles  made  with  the  axes  of 
coordinate's  by  the  directions  p^  perpendicular  to  the  ray,  and 
if  we  insert  these  values  in  the  limit-equations,  they  subdivide, 
so  far  as  they  remain  valid  for  all  values  of  t  and  x,  into  the 


(29) 
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foil  o win  ^r  : — 

Aj.  cos  Ue  +  Ar  cos  Ur=  (A'd  cos  U'd  +  A"d  cos  U"o)j 
Ae  cos  Ve  +  Ar  cos  Vr  =  ( A'd  cos  V'd  +  A^p  cos  V"d)o- 
The  first  leads,  with  respect  to  the  angles  a,  to  the  values 
ccE  =  e,     «R=360°-e,     aD  =  180°  +  r, 

where  e  and  ?■  are  absolute  quantities.  In  the  last  two,  again, 
on  account  of  the  presupposed  state  of  rest  of  the  medium,  the 
velocity-amplitudes  are  proportional  to  the  excursion-ampli- 
tudes. 

II.  The  principle  of  the  icork  pierpendiadar  to  the  diridiny 
surface. — If  the  preceding  fundamental  principle  corresponded 
to  the  law  of  equivalence  of  pushing  force  or  apparently  also 
to  Cauchv's  assumption  of  the  continuous  reciprocal  thrust  of 
each  two  corresponding  curves  represented  by  the  resultant 
oscillation-velocities  of  the  aether  particles  iu  the  first  and 
second  media  as  functions  of  their  position  {x,  y,  z),  on  the 
other  hand  the  principle  now  in  question  represents  an  evi- 
dentlv  mechanical  requisite.  There  remains,  namely,  always 
to  bear  in  mind  that  the  originally  interfering  spontaneous 
force  which  causes  the  vibratory  motion  has  a  certain  mecha- 
nical work  to  accomplish,  which  consists,  when  the  force  ope- 
rates in  pure  sether,  in  overcoming  its  force  of  elasticity — and 
when  in  the  interior  of  a  ponderable  medium,  in  overcoming 
not  merelv  the  elasticity  of  the  aether,  but  also  the  resistance 
of  the  corporeal  particles.  In  each  case  this  work  will  he 
comparable  to  the  pulling-open  of  an  elastic  spring  or  the 
raising  of  a  weight.  The  mechanical  work  once  applied, 
maintains  itself  then,  by  means  of  the  deformation-force  of  the 
gether,  in  the  totality  of  the  vibrating  particles  as  their  energy. 
If  therein  we  fix  our  attention  upon  a  single  particle  of  sether, 
on  its  part  it  accomplishes  now  negative  work,  when  it  freely 
follows  the  pull  of  the  elastic  force  and  transforms  its  tension 
into  vis  viva,  and  now  positive  work,  when  the  acquired  vis 
viva  expends  itself  and,  through  the  increasing  resistance  which 
it  encounters,  is  retransformed  into  tension. 

As  regards  particularly  those  jcther  particles  which  are  im- 
mediatelv  adjacent  to  the  dividing  surface,  they  are  compelled 
by  the  Z  coinponent  of  the  incident  and  the  reflected  wave 
now  to  approach,  now  to  recede  from  this  limit-jilane  ;  and  a 
particle  which  in  the  position  of  equilibriimi  lies  in  that  plane 
itself  is  impelled  alternately  into  the  upper  and  the  under  me- 
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diura.  The  oscillations  of  these  particles,  however,  pass  regu- 
larly only  when  they  have  equal  mechanical  work  to  accom- 
plish in  a  vertical  direction  on  both  sides  of  the  plane  2;  =  0. 

Now,  if  a  weight  p  to  be  raised  corresponds  to  the  resistance 
in  the  first  medium,  and  likewise  p'p p'^  denote  the  relative 
resistances  of  the  refracted  Avave  in  the  second  medium,  then 
the  principle  of  equality  of  work  requires 

or,  if,  so  far  as  these  weights  come  out  proportional  to  one 
another,  we  pass  by  integration  from  the  time  dt  to  t, 

Here  ?  self-evidently  refers  to  the  actual  excursions  p,  A  in 
contrast  to  the,  under  circumstances,  possible  p^,  A^.  As 
regards  now  the  ratio  of  these  resistances,  in  the  first  medium 
the  vertical  raising  of  the  weight  p)  to  the  height  1  produces 
for  the  aither-mass  m,  which  is  thereby  at  the  same  time  dis- 
placed in  its  obliquely  situated  path-line,  an  effective  vis  viva 
mc^.  Likewise,  in  consequence  of  an  equal  change  of  level  of 
the  weight  pp,  an  equal  oether-mass  m  in  the  second  medium 
receives  the  same  vis  viva  mc^ ;  but  simultaneously  the  neigh- 
bouring corporeal  mass  "Xm'  receives  the  energy  Xm'c'^, — both 
taken  in  their  respective  path-lines.     Evidently  we  have  then 

p  :pj^  =  mc^  :  (wc^  +  SmV^). 

But  it  has  already  been  shown  that,  when  in  any  refracting 
medium  a  given  quantity  of  work  is  distributed  to  corporeal 
and  asthereal  particles,  the  ratio  of  the  distribution  becomes 
identical  with  the  so-called  refracting  force.  Corresponding 
to  this,  becomes 

p:pjy  =  l:n' (3) 

And  thus,  if  we  designate  the  angle  between  the  direction  of 
vibration  and  the  vertical  by  Wi.  and  put,  analogously  as  above, 

.         27r  ( ^      zcosoi  +  :v  sin  a       „ ,  1 
p  =  Acos-~rj  i-i ®    y, 

the  principle  of  the  equality  of  the  work  perpendicular  to  the 
dividing  surface  receives  the  final  form 

Aj,  cos  Mj;  +  Aj^cosMr = A'j^cosWL'j^n'''  +  A'^pCosTOz/pj/'^^  (32  ) 

where  self-evidently  ?/,  n^'  denote  here  the  corresponding  sine- 
ratios.   . 

It  will  be  observed  that  this  fundamental  principle,  although 
Fresnel  entirely  disregarded  it,  and  Cauchy  by  bringing  in 
longitudinal  waves  more  circumscribed  it  externally,  is  an  ex- 
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tremely  close  :ij)proxiniution  to  tlie  propor  course  of  the  bend- 
i nor  or  s])littin^r  of  the  incident  wave. 

The  two  principles  hitherto  advanced  separately,  now  find 
their  conij)lenient  and  combination  in 

III.  The  principle  of  the  conservation  of  the  vires  viviB. — 
This  receives  at  once,  in  consequence  of  the  above,  first  the 
form 

where  the  M's  are  the  so-called  optical  equivalents — that  is, 
the  spaces  passed  through  by  the  waves  in  equal  times.  And 
when  the  previous  values  of  p  are  introduced  and  the  vibrations 
of  the  corporeal  jiarticles  (£il,  X)  innnediately  eliminated  by 
means  of  equation  (2{)),  it  is  simplified  into 

M(A|  -  A^)  =  M'd//Wo'  +  W'j,n"-'A"l.      .      (34) 

As  regards  the  ascertaining  of  the  volumes  M,  Mu,  let  those 
•wave-portions  within  the  medium  be  considered  which  are 
reflected  at  a  dividing  surface  with  finite  limits  {e.<j.  of  angular 
form,  one  side  of  which  is  parallel  to  the  X-axis),  or  enter 
through  it  into  the  second  medium.  During  the  time  T  these 
wave-portions  are  displaced  along  the  direction  of  the  ray  to 
distances  proportional  to  the  previous  wave-length  /';  and  the 
parallelepipedal  spaces  descriljed  by  them,  of  the  height  /,  are 
just  those  sought.  They  can  next  be  replaced  by  their  halves 
— that  is,  by  the  so-called  Huyghens's  prisms,  immediately 
contiguous  relatively  to  the  dividing  surface,  and  the  volumes 
of  which  are  evidently  as  the  lengths  li  of  the  perpendiculars 
let  fall  from  the  respective  points  of  contact  of  the  wave-sur- 
faces upon  the  dividing  surfaces.  Consequently  M  :  Md  =  A  :  /<l« 

13.  This  being  presupposed,  the  question  is  merely  to  de- 
termine the  angles  U,  V,  which  the  })erpendiculars  let  fall, 
each  in  its  vibration-plane,  upon  the  four  rays  make  with  the 
X-  and  Y-axes,  and,  further,  the  angles  Wi  between  the  direc- 
tion of  vibration  and  the  Z-axis,  as  well  as  the  heights  h  of 
the  Huyghens's  prisms. 

For  this  purpose  let  the  axes  OX  and  OZ  be  constructed  in 
the  plane  of  the  paper  as  the  XZ  plane  (plane  of  incidence), 
and  OY  perpendicular  to  them.  Let  OS  be  the  direction  of 
the  ray,  and  OX  that  of  its  normal,  which  in  the  plane  of  XZ 
is  distant  the  refraction-angle  ?•  (  =  au  — 180°)  from  OZ.  If, 
finally,  Ave  draw  the  line  Oli  in  the  plane  SOX  and  perpendi- 
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cular  to  OS,  the  question  is,  the  angles  it  makes  vnih  the  axes. 
If  now  we  join  the  points  X,  N,  Z,  also  R,  N,  S,  as  well  as 
R,  X  ;  R,  Y  ;  and  N,  Y,  at  the  unit  of  distance  from  0  bj 
arcs  of  a  circle,  there  will  result  the  two  spherical  triangles, 
RXX  and  RNY. 
In  the  first  we  have 

cos  RX=  cos  RN  cos  XN  +  sin  RN  sin  XX  cos  RXX, 

or,  since  RS  =  90°,  XS  =  A,  and  the  surface-angle  RXX  =  ^, 
i.  e.  equal  to  the  azimuthal  angle  of  the  vibration-plane  ROS 
and  the  plane  of  incidence  XOZ, 

cos  RX=  cos  (90°- A)  cos  (90°  -  r) 

+  sin  (90°- A)  sin  (90° -r)  cos  6  ; 

cos  U  =  sin  A  sin  r  +  cos  A  cos  r  cos  6. 

The  triangle  RXY  has  the  side  YN  =  90°,  and  the  surface- 
angle  YXR,  which  is  distant  the  azimuth  d  =  90°  from  YNX. 
Hence  we  find 

cos  V  =  cos  RY=  sin  RN  cos  RXY 
=  cos  A  sin  6. 

If,  lastly,  we  draw,  in  the  vibration-plane  SXR,  and  per- 
pendicular to  OX,  the  vibration-direction  03S.,  and  join  it  by 
the  arc  2^Z  with  Z,  in  the  resulting  triangle  2^ZX  the  side 
3RX  =  90°;  consequently 

cos  m=  cos  BZ=  sin  mX  cos  mXZ 

=  —  sin  r  cos  6. 

There  still  remains  the  measurement  of  the  perpendicular  h. 
Again,  lei  the  plane  of  the  paper  be  the  plane  of  incidence, 
OX  the  line  in  which  it  intersects  the  dividing  surface,  and 
OZ  perpendicular  to  the  incidence.  The  wave-normal  OX  is 
cut  in  the  point  A,  and  the  X-axis  in  the  point  D,  by  the  cor- 
responding wave-plane  ;  DA  is  then  its  projection  on  the 
plane  of  incidence.  In  the  wave-plane,  therefore  in  general 
above  or  below  the  plane  of  the  paper,  lies  its  point  of  contact 
B  with  the  wave-surface,  which  determines  both  the  direction 
OS  and  that  of  the  vibration  AB. 

Xow,  instead  of  letting  fall  directly  from  B  a  perpendicular 
upon  the  dividing  surface,  let  us  first  drop  from  B  upon  DA 
produced  the  perpendicular  BC  meeting  it  in  C,  and  from  C 
the  further  perpendicular  CE  upon  the  axis  OX,  which  it  ac- 
cordingly meets  in  E.  Then  CE  is  also  the  prolongation  of 
the  perpenicular  h.     We  have  now  in  succession : — 
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CE  =  CDsin;-;     CD  =  CA  +  AD;     CA  =  ABcosCAB 

=  ABcos^; 
AB  =  AOt;in  A  =  &)tan  A;  CA  =  <u  tau  A  cos  ^; 

AD  =  03  cot  ?• ;        CD  =  a)(cot  r  +  tan  A  cos  6). 
Therefore,  finally, 

h  =  CE  =  (u(cos  r  +  tan  A  cos  6  sin  r). 

For  the  incident  and  the  reflected  wave  the  values  are  de- 
rived from  the  expressions  here  developed  by  simply  putting 
A  =  0,  introducing  instead  of  r  the  geometric  angle  of  refrac- 
tion ap  — 180^,  and  then  replacing  this  by  aE=^j  aR  =  360°— ^. 

14.  The  relations  thus  won  bring  the  Umiting  equations  (29), 
(32),  (34)  first  into  the  form 

(Ag  cos  6^  +  Aj^  cos  ^i,)  cos  e  =  S Ap"  (sin  A  sin  r  ^ 

+  cos  A  cos  r  cos  ^d), 

Ab sin  6^  +  Aj^  sin  d^—l^A-o^  cos  A  sin  ^p, 

(A J,  cos^g— AjjCos  ^R)sine=2AoCos^jjSinr/i- 

(Aes — Ar2)  sin  e  cos  ^= SAdj  sin  r  cos  rT?{l 

+  tan  r  tan  A  cos  ^p), 

where,  for  abbreviation,  the  summation-symbol  is  to  be  referred 
to  both  reflected  waves.     To  these  add  the  equation 

Ad  =  AdoCos  A, 

and  we  can  in  general  introduce  either  the  amplitude  of  con- 
tinuity' Ad"  or  the  amplitude  of  work  Ad, 

We  suppose  the  latter  done  and  thus  everywhere  the  sine 
itself  substituted  for  the  sine-ratio  n.  Our  limit-equationst  hen 
coincide  perfectly  with  those  derived  by  Fr.  Neumann  from 
his  theory,  if  we  only  substitute  for  the  variables  6,  Ap,  Ar  the 
three  new  ones 

(^)  =  ^-90°,     (Ad)=^,     (Ar)=-Ar. 

If  we  now,  Avith  MacCullagh,  limit  ourselves  to  the  so-called 
uniradial  azimuths  (that  is,  to  those  azimuths  of  the  incident 
light  which  permit  only  a  single  refracted  ray  to  arrive), 
the  further  transformations  become  complicated.  Neumann 
accomplished  them  in  a  laborious  calculation,  and  found 
that  the  multiplication  of  the  first  and  third  of  these  equa- 
tions, the  subtraction  of  the  resulting  product  from  the  fourth, 
and  the  division  of  the  difference  by  the  second  give  the 
same  result  as  if  the  operations  were  performed  with  one 
uniradial  azimuth  and  then  the  summation-sjTnboI  prefixed  to 
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the  right-hand  side.     Accordingly  we  obtain  forthwith 
Ap,  sin  ^E  +  Aj^  sin  ^j^ = 2 Ap  sin  6^,  ~\ 

(Ag  sin  6-^ — Aj^  sin  ^ji)cos  e  =2Ap  sin  6^n  cos  r, 
(AeCos  ^e  +  Ar cos  ^jj) cose =2Aj, cos?' (cos  ^D      r"    (36) 

+  tan  A  tan  r\  \ 
Ae  cos  ^— Ar  cos  6^  =2Ap  cos  9^n. 

For  isotropic  media,  therefore  for  A  =  0,  the  first  two  of 
these  equations  refer  to  the  first  principle  case  (Be,  =  90°),  the 
last  two  to  the  second  {d^=.QP). 

The  coefficient  of  weakening  -^,  to  be  derived  from  equa- 

Ae 

tions  (36),  has  been  sufficiently  tested  by  experiment.     And 

if,  on  the  one  hand,  the  amplitude  (AdAq)  of  the  light  issuing 

from  the  hinder  surface  of  a  plane-parallel  plate  after  double 

refraction  is  deduced  immediately  by  means  of  the  general 

relation 

Ad  Ad  =  Ae — Ar, 

on  the  other  hand  Neumann  has  likewise  amply  discussed  the 
interesting  subject  of  the  internal  reflexion  of  crystals.  Our 
fundamental  theorems  would  of  course  lead  to  identical  equa- 
tions, whereas  Cauchy's  very  ambiguous  theory  of  continuity 
may,  it  is  true,  be  extended  to  the  occurrences  at  the  fore  sur- 
face, by  suitable  auxiliaiy  assumptions,  but  not  to  those  at 
the  hinder  surface  of  a  crystal.  But  since  with  this  the  advan- 
tage claimed  for  it,  that  it  establishes  the  elliptical  j)olarization 
of  transparent  media  on  a  mechanical  basis,  becomes  quite 
illusory,  that  polarization  being  far  more  perfectly  derived  di- 
rectly from  the  foregoing  formulge,  its  principles  also  may  now 
prove  to  be  outwardly  specious,  but  intrinsically  untenable 
and  arbitrary. 

I  may,  then,  well  conclude  this  investigation  with  the  propo- 
sition that  the  hypothesis  of  the  convibration  of  the  ponderable 
particles  harmonizes  the  verified  formulae  of  Neumann  with 
Fresnel's  ^dew  concerning  the  position  of  the  polarization- 
plane. 

Generalization  of  the  Residts  obtained.      The  Fundamental 
Law  of  Dispersion. 

15.  The  two  equations  into  which  the  differential  equation 
(11  a)  divides  can  without  difficulty  be  extended  so  that  they  may 
be  applied  immediately  to  absorbent  as  to  transparent  media. 
If,  namely,  instead  of  the  abscissa  r  (above  designated  by  .r) 
referred  to  the  direction  of  the  propagation,  we  introduce  the 

2  L  2 
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coordinates  z,  x  of  the  plane  of  incidence,  they  are  also  writtea 
thus : — 

»Af +WA'f -.A(g.g.)=0.      .     .     (I.) 

'4g  +  g)-^'^'(^  +  :^?;)-^V  =  0..     (II.) 
In  order  to  integrate  these  equations,  we  put 

p'  =  A'/xVcos{  ?^(<-©'+ "£+f^)  } -2A,  J 

where,  for  abbreviation,  A  =  %'  — ;)^;  further, 
aE  =  ^,     UYy-=r,    2)  =  vcosr,     sin  (?  =  v  sin  r,    p'^+  s'nr  e=v^. 

After   the    carrying-out  of  this    substitution,    equation   I. 
becomes 

7nA2  cos  cfi  +  tm' A'-' cos  ((j>-2^)==m''A''l(Jr-^f 
+  sin^  e)  cos  <j>  +  2pq  sin  ^]. 
It  subdivides  into  the  two  following : — 

„       ,     ,      2;n^A^2  cos  2A     „          Sm'A'^  sin  2A   .^^r  x 
v^-'?-l= ,Jj,. ,    ^P9= ;;^^.— .(IV.) 

Now,  inasmuch  as  the  right-hand  side  of  these  expressions, 
as  characteristic  of  the  medium  referred  to,  is  independent  of 
the  angle  of  incidence,  we  have,  in  accordance  with  equation 

p^  —  g'^+s\n'^e=v^  —  (f  =  ar—h'^,    pq=ah.      .     .     (Y.) 
Consequently  for  the  actual  variable  ratio  of  refraction  v 
{conf.  I.  c.  p.  70), 

2 v^  =  a^  _  52  +  sin'i  g  ^  V(a-  -  6-  -  sin^  ef  +  Aa'^l?. 

Analogous  treatment  of  the  differential  equation  II.  con- 
ducts to  the  relations 

{a-  +  Jfy-e'A."'  sin  2A  =  H!\\{a'' -y')K'-^  sin  2A  ' 

-2o/>A'2cos2A], 
(a^  +  h')\eK'  +  e'A'-  cos  2 A)  =  K'X\{d' -lr)A.'-  cos  2 A 

+  2a6A'-sin2A.  J 

Combining  them  with  equation  IV.,  and  omitting  the  sum- 
mation-symbol, we  now  obtain  again  directly  (that  is,  Avithout 
the  aid  of  the  complex)  the  earlier  equation  (14),  and  there- 
with a  and  h  immediately  as  functions  of  X. 
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Accordingly  equations  I.,  II.,  III.  may  loell  be  accepted  as 
the  fundamental  law  of  the  theory  of  dispersion. 

Further,  for  anisotropic  media  we  have,  correspondingly, 

'A^^dl-^^yJ  +^^7^)  +-"^  (^^^  +  ••••) 

and 

+9'.('^:+....)} 

\ax-  I ) 

+Ka',r+a>'+3i'.r)=o,    ....  (VIII.) 

at  least  so  far  as  the  individual  molecular  qualities  are  grouped 
around  similarly  situated  axes. 

Here  the  first  equation  refers  to  both  ellipsoids  (®,  E),  the 
second  only  to  Pliicker's  direct  one  (^). 

And,  lastly,  as  regards  circularly  polarizing  media,  the  above 
differential  equations  need  only,  in  accordance  with  a  remark 
of  MacCullagh's,  a  simple  additional  term  in  order  to  take  in 
these  media  also.  If  we  imagine  in  them  a  wave  following 
the  Z-axis,  we  shall  have  as  highly  probable 

and,  in  addition,  the  integral-equations 

f=^cos27r(^-^"),    ,;=±glsin27r(|-0     .     (X.) 

Here  the  amplitude-ratio  W:  'E,  and  with  it  also  the  refrac- 
tion-index n,  appear  as  independent  of  the  sign  of  17  :  we  get 

1 1 
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where  G  denotes  a  constant.  If  we  further  make  the  assumption 
that  the  niediuni,  though  always  composite,  contains  only  a 
single  so-called  active  substance,  there  results  approximately 
by  subtraction 

inasmuch  as,  on  account  of  the  smallness  of  the  diflference  of 
the  indices,  their  sum  n-^  +  lu  may  be  put  =2/i.  Consequently, 
further, 

\       ~l-      P~P-L'-'-      '     '     '     ^    ^ 

But  it  is  known  that  this  expression  is  the  rotation-angle  yjr 
proportional  to  the  plane  of  polarization.  If  the  division  be 
effected,  since  according  to  experiment  L'^  is  everj-where  only 
small,  it  will  be  finally  Avritten 

This  relation  differs  from  the  dispersion-formula  proposed 
by  Boltzmaun,  and  recently  verified  on  quartz  by  Soret  and 
Sarasin,  only  by  containing  I  instead  of  \. 


Addexdum. 

Since  the  printing  of  the  preceding  memoir  for  the  present 
year's  Verliandlungen  des  naturhistorisclien  Vereins,  I  have 
recognized  that  the  problem  treated  therein  is  confined  within 
narrower  limits  than  were  necessary,  and  particularly  that  the 
refraction-ratio  of  very  large  waves  can  differ  from  unity  with- 
out it  being  necessary  to  assume  an  essential  alteration  of 
quality  on  the  part  of  the  internal  fether. 

While,  namely  in  §  2,  for  the  reasons  there  alleged,  a  term 
K/3  was  regarded  as  not  indispensable,  I  now  add  it,  and  ac- 
cordingly replace  the  system  of  the  two  equations  I.  and  II. 
by  the  following: — 

-«A;|  +  ..'A'f=.A(g  +  ^^), (I.) 

These  being  integrated  by  means  of  the  expressions  III., 
instead  of  YI.  the  two  following  now  ioin  on  to  the  relations 
lY.  and  Y.:— 
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h^l^{a'-l?)-K^^  \ 

=  A'2{[e'(a2-62)-/c'iX-]  cos  2A-6'2a6  sin  2A}^     I  .yj    x 
A262a&=A'2{[6V-^')-'^A']sm'^  +  e'2a&cos2A},J' 
from  wliicli  are  developed 

A^^cos  2A  _  [e(a^-&^)-«iX.^][6Xa^-^>-)-«\\-]  +4aTee^ 
A"^         ~  [e^a-^  -  i')  -  k!x  ^'f  +  4a-^6'^€'^ 

A^  sin  2  A  _  2a6(ei«i-e/g^)X^ 

A-^        ~  [e^(a'-^-6-')-«'i\^]^  +  4a^6V^* 

And  if  for  abbreviation 

z?-^'  vr^     ^'    •  •  •  •  ^^v 

be  put  and  these  values  introduced  into  equation  IV.,  we  get, 
as  the  law  of  the  curve  of  dispersions, 

a-  —  V  —  l  =  z,\ — 7 — 


U-i;'-^S  +  4.a%''\ 


2ahJ)' 


Mh  =  ^ 


U 


(«'-'■'- p) 


+  4a262 


(B) 


If  onlj  one  complex  zone  is  present,  so  that  the  summation- 
symbol  may  be  omitted,  (a)  and  (b)  can  easily  be  developed 
explicitly;  and  then,  if  we  designate  the  now  occurring  limit- 
values  of  the  refracting  force  for  an  indefinitely  great  and  an 
indefinitely  little  wave-length  as 


iL.  — 1  =  — J-  tor  X  =  oo  , 
inK\ 

"      1       "*^^  c     ^      r\ 
ri:  — 1=  — J  tor  A=0, 


(Cl) 


me 
J)' =  n^  — ?i^  =  D?i_^ 
and  now  write  X,„  =  n^  L,  we  get : — 


2a6 


-VB-i(i.D-|y=^/.,,^-l(.,4o-f 


(B) 
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For  11^  =1  they  coincide  with  equations  (14  b).  If  from 
them,  in  the  Mell  known  manner,  the  dispersion-curve  also  for 
the  real  branches  be  constructed,  so  that  tirst  of  all 

is  written,  then,  inasmuch  as  n\  is  put  =  n^(l  — D),  the   root 
can  be  extracted,  and  we  get 

which  differs  from  equation  (9  a)  only  by  this — that  here  n^ 
represents  an  actually  existing  horizontal  asymptote,  while 
there  w„  was  taken  as  the  mean  ordinate  of  a  continuously 
curved  line.  Accordingly  the  formula  in  question  (and  with 
it  also  at  the  same  time  the  curve  1)b)  would  by  the  present 
discussion  be  raised  again  above  the  signification  of  a  mere  ap- 
proximatiA'e  formula.  Finally,  the  h^i)erbolic  curves  of  the 
anomalous  dispersion  are  now  executed  no  longer  on  both  sides 
of  the  horizontal  n  =  l,  even  for  a  substance  optico-chemically 
simple,  but  of  the  line  n  =  n^  ;  and  hence  the  refraction-ratio 
of  all  wave-lengths  may  (and,  indeed,  not  improbably)  exceed 
unity. 

For  the  phase-changes  we  have  the  following  result.  We 
obtain  for  the  absorption-streaks  of  a  simple  substance,  accord- 
ing to  equations  IV.,  the  trigonometric  tangent  of  the  phase- 
difference  2 A  by  division  of  the  two  expressions  (d):  thus  we 
get 

tan2A=r ^ ^,-       .     .     .     (e) 

2(;4-1)-"L(i  +  D-^) 

in 

or,  for  D  small  (that  is,  for  narrow  absorption-streaks),  more 
simply, 


,2 


tan  2A=±  "«--"*  A /V::^ (e,) 

As  we  now  presuppose  that  71%,  is  always  greater  than  1, 
2A  remains  less  than  90°.  The  difference  of  phase  rises  then 
from  the  limit-point  G'  on  the  right  (for  \=V^,  n'f^>7i^)  up 
to  a  maximal  value  Ipng  on  the  middle  line  itself  (\=\„,),  to 
sink  again  to  zero  in  the  limit-point  G'^  (forA,=V^,  n^^Kii^) 
on  the  left  of  the  same.  In  correspondence  with  this,  the 
values  belonging  to  the  two  real  branches,  instead  of  being  0° 
and  180°,  now  become  the  same  value  2A=0. 
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The  amplitude-ratio  A':  A  becomes,  in  contradistinction  to 
equation  (13),  variable  within  as  without  the  absorption-streak. 
For  the  interior  of  it  we  find 


/^/2 


lA^ 


\/i<  - 


l)p-(-l-l)- 


(F) 


It  may  not,  perhaps,  appear  unsuitable  in  this  place  to  ex- 
pand correspondingly  the  differential  equations  (l)  and  (6), 
and  to  integrate  them  by  means  of  the  simple  expressions  (3). 
They  take  the  form 


d'p  _    d-p 


d'p 


d.e 


•T=^JZ2-'^i^i7n;2-^i'<^iP 


^ 


dx'  "^'d^ 

d-p 


'^'liF-'''''li^  +«i«ipi, 

Integration  and  the  elimination  of  «  give  now 


(«) 


that  is, 
or  also 


m  k!^^  —  ^^ 


H) 


^W-l 

Introducing  the  abbreviations  previously  used  in  equation 
(a),  and  also  putting 


-1=2 


IKf, 


we  get  again  the  generalized  equation  (8),  namely 


71^-^2    =2-^ 


D^ 


'--{ 
L^     ^ 


(c) 


(I) 


and  at  the  same  time  perceive  that  all  the  individual  consti- 
tuents participate  in  the  formation  of  the  two  extreme  refract- 
ing forces. 
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Naturally  the  previous  assumption  -^  =  L^  (understanding 

A.  1 

by  L^  a  constant  independent  of  the  density)  has  for  its  con- 
sequence the  further  ~  =%^  =  constant,  from  Avhich  then 
follows 

e\        k\'  mic'i 

and,  at  least  for  substances  with  a  single  absorption-streak, 

W  =  C{nl,-l) (K) 

The  dependence  hereby  expressed  hetioeen  refraction  and  dis- 
persion is  in  fact  demonstrated  hi/  my  experiments  on  gases. 
They  show,  namely,  that  in  a  gas-spectrum  the  distance  be- 
tween two  lines  which  are  sufficiently  distant  from  the  middle 
line,  so  that  in  equations  (8)  and  (i)  the  wave-lengths  I  and  \ 
can  be  exchanged  for  one  another,  are  proportional  to  their 
prismatic  deviation. 

Further,  as  regards  the  treatment  of  anisotropic  media, 
equation  (h)  for  these  should  e\'idently  be  written  thus. 

And  thence  it  is  obvious,  not  merely  that  the  reasonings  in 
§§  7-12  still  retain  their  previous  applicability,  but  also  that 
especially  the  more  rigorous  equations  VII.  and  YIII.,  after 
corresponding  completion,  would  likewise  remain  valid. 

The  same  would  be  the  case  with  respect  to  equations  IX., 
X.,  XL  of  circularly  polarizing  media. 

The  conclusive  decision  if  k  in  reality  differs  from  nil  de- 
pends, as  it  appears  to  me,  on  the  answer  given  by  experiment 
to  the  difficult  question  whether  the  refraction-ratio  of  the 
metals  can  or  cannot  be  less  than  unity. 

LXIII.  Further  Note  in  regard  to  a  Midtiple  Differentiation  of 
a  certain  Expression.    By  J.  W.  L.  Glaisher,  M.A.,  F.R.S.* 

THE  present  additional  note  contains  a  result  of  a  similar 
nature   to    that   noticed    in   the    September    Number 
(pp.  208-211),  but  which  follows  from  the  (n  —  l)ple  integral 


'-1: 


Jo    t/O  «^0 


exp  y-x-y...  -t--~—Jxn     yn 

...t»       dxdu  ...dt=  - — e~* 

^  s/n 

*  Communicated  bv  the  Author. 
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(on  which  see  Liourille's  Journal,  ser.  2,  vol.  i.  p.  82,  1856). 
Eeplachig  x,y,...t  bv  ax,  hy,...  Jet,  and  taking  q  =  r''-i-(ab ...  k). 
we  find 

^"  ^"  ...^'"exp(^-ax-by...-h--^^^xn-'fn-' 

so  that  the  expression  on  the  right-hand  side  of  this  equation 
is  such  that,  if  we  denote  it  by  u, 

^u  _ 

dadb...dkdq~^     ^  "' 

giving  a  theorem  which  may  be  enunciated  as  follows  : — 
^exp{ny(a^a^...a„)} 

then 

d'v 

da^da^  . .  •  da^       ^  ^ 

This  can  be  readily  verified  by  actual  differentiation,  if  the 
order  of  the  performance  of  the  differentiations  be  that  of  the 
letters  Oi,  a.2, ...  an- 

If  we  start  with  the  7jple  integral 

/ICO  /"go  /^OC  1     2 

I      \      •••)     e^{-x-y...-t-ct\/{xy...t))ynzii 


71-1 


...«  "  dxdy...dt=^n.{'i'irf'-'^     "" ,    "'\, ^ 

(«  +  «) 

(Liouville,  ser.  2,  vol.  i.  p.  289,  1856),  and  therein  replace 

x,y,...t  bv  ax,  hy,...ht,  taking  jr)  =  a  ^(a&  ... /:),  then  we 

find 

((...(    e^^  {-ax-hy  ...-kt-p;y{xy  ...t)] 
Jo    Jo         Jo 

1       2  71  —  1 

xy'*:"...t  "  dxdy...dt 

.    1.2.3...(n-l) 1 

=  Vn.(27r)  -      'y,  +  n^{ab...k)}-'  ^(6^^ ...  T"')' 

so  that  if  ic  denote  the  right-hand  side  of  this  expression, 

d^'ic  _         d"ic  ... 

dp"  ~dadb...dk      '  '     '      ^  ) 
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This  at  once  suggests  the  proper  mode  of  enunciating  (1)  so 
as  to  include  this  case  ;  viz.  the  theorem  is: — 
If 

^^^(f>{x  +  n^(aia2...a„)} 

then 

dTv  __  d"v 

cLif*      doi  da.2 . . .  da^ 

which  is  evidently  true,  and  gives  (1)  if  the  arbitrary  sign  <i> 
be  replaced  by  exp  ;  (2)  is  of  course  a  very  special  case. 

If  the  theorem  in  the  September  Number  be  similarly  ex- 
tended, it  takes  the  form: — 

If 

V{a^a2a^...an) 
then 


\v^*       \daQ/ \dai)  Xda^/   \da^/  '"\da"/ 


d  V 
d.v 


1  may  here  mention  two  errata  in  my  previous  note ;  viz.  in 
p.  208,  equation  (3),  and  p.  209,  line  2,  the  exponents  of  -^ — 

should  be  2""'  i  and  2'*''  respectively  instead  of  2"  i  and  2". 
Cam'bridge,  October  25,  1876. 
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LXIV.    On  a  Meclianical  Illustration  of  Thermo-electric  Phe- 
nomena.    By  Oliver  J.  Lodge,  JB.Sc* 

THE  publication  of  the  following  speculation  requires  an 
apology.  It  is  in  continuation  of  a  paper  on  a  Mechanical 
Illustration  of  Electric  Induction  and  Conduction,  published  in 
the  November  Numberof  the '  Philosophical  Magazine ;'  and  the 
sections  are  numbered  on  continuously  with  those  in  that  paper  ; 
but  whereas  the  mechanical  analogies  suggested  in  the  former 
part  of  the  paper  are  useful  as  mere  analogies  even  if  they  do  not 
(as  I  believe  they  do)  throw  some  light  on  the  actual  molecular 
processes,  the  present  portion  contains  nothing  of  sufficient 
mechanical  simplicity  to  be  of  much  service  as  mere  illustra- 
tion, and  it  therefore  has  little  value  unless  the  imaginary  me- 
chanical actions  are  really  analogous  to  those  Avhich  actually 
do  produce  thermo-electric  currents.     I  have  accordingly  laid 

*  Communicated  by  the  Physical  Society. 
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it  aside  for  a  couple  of  months  to  see  if  any  tiling  would  occur 
to  show  the  improbability  of  this  being  the  case;  but  as  any- 
fresh  light  has  appeared  rather  to  confirm  than  to  weaken  the 
hj-pothesis,  I  now  venture  to  publish  it.  But  it  is  necessary 
to  say  that,  though  the  hypothesis  does,  with  the  help  of  a  few 
more  or  less  reasonable  assumptions,  account  for  all  the  known 
phenomena  of  thermo-electricity,  yet  it  is  quite  possible  that 
the  assumptions  made  are  not  the  most  likely  ones,  and  that 
the  laws  deduced  are  not  exactly  the  true  ones.  Nevertheless, 
since  they  fulfil  the  necessary  conditions  as  well  as  the  true 
ones,  they  are  suflicient  to  show  that  a  consistent  account  of 
the  facts  can  be  given  by  means  of  a  hypothesis  founded  on  a 
connexion  between  the  molecules  of  matter  and  electricity 
which  is  called  "resistance"  and  which  is  known  to  exist, 
though  it  is  not  yet  accounted  for. 

I  have  preferred  to  continue  speaking  in  terms  of  the  me- 
chanical model,  because  discussions  concerning  molecules  and 
gether  are  apt  to  have  in  appearance  the  looseness  which  they 
very  often  possess  in  reality.  Moreover  one  has  the  advan- 
tage of  being  able  to  leave  the  precise  relation  which  the  cord 
is  to  bear  to  electricity  or  to  the  aether,  and  which  the  buttons 
are  to  bear  to  molecules,  as  Avell  as  the  real  nature  of  the  con- 
nexion between  the  buttons  and  the  cord,  unspecified  and  open 
to  any  definition  which  the  vortex  theory  of  matter  may  suggest. 

§  21.  In  a  previous  communication  (page  353  of  the  pre- 
sent volume)  the  passage  of  electricity  through  dielectrics  and 
electrolytes  was  illustrated  by  mechanical  analogies  at  some 
length ,  but  its  passage  through  ordinary  metallic  conductors 
(§  11)  was  only  touched  upon  sufficiently  to  enable  them  to  be 
compared  with  the  other  media,  and  all  the  details  of  the  pro- 
cess were  left  unconsidered.  In  the  present  paper  it  is  intended 
to  enter  into  these  details;  and  it  is  to  be  regarded  as  a  con- 
tinuation of  the  first  paper. 

The  electrical  resistance  of  a  metal  was  represented  by  the 
friction  to  which  a  cord  was  subject  in  passing  through  a  row 
of  nearly  smooth  buttons  fixed  to  a  rigid  support  (see  fig.  3, 
Plate  III.).  The  cord  when  moving  represented  a  current  of 
.  electricity  ;  and  the  buttons  represented  the  molecules  of  the 
conductor.  But,  since  we  were  not  supposing  the  conductor 
to  be  at  the  absolute  zero  of  temperature,  the  buttons  properly 
ought  not  to  have  been  standing  still  but  to  have  been  exe- 
cuting some  kind  of  periodic  motion. 

Let  us  then  suppose  that  the  rods  supporting  the  buttons 
are  not  perfectly  rigid,  but  highly  elastic,  and  that  each  button 
is  vibrating  backwards  and  forwards  in  the  direction  of  the 
length  of  the  cord  with  a  succession  of  harmonic  motions  of 
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short  period  and  very  small  amplitude.  Each  button  vdW  by 
its  friction  tend  to  move  the  cord  with  it.  Being  all  exactly 
alike,  their  vibrations  will  all  be  isochronous  ;  but  they  will  be 
in  all  manner  of  phases  at  any  one  instant ;  so  on  the  average 
they  will  neutralize  each  other's  effect  on  the  cord,  and  the 
cord  will  I'emain  stationary  without  oscillation. 

The  hypothesis  just  made,  viz.  that  the  molecules  of  a  solid 
are  oscillating,  and  that  the  oscillation  of  any  one  exerts  a  cer- 
tain electromotive  force,  capable  of  producing  a  current  except 
for  the  circumstance  that  it  is  exerted  equally  in  opposite  di- 
rections in  rapid  succession,  and  moreover  that  it  is  in  general 
neutralized  by  the  similar  but  ill-timed  action  of  its  neighbours, 
is  the  hypothesis  whose  consequences  it  is  the  object  of  the 
present  paper  to  trace. 

§  22.  First  of  all,  then,  there  is  some  energy  lost  in  this 
motion  ;  for  the  buttons  are  sliding  backwards  and  forwards 
on  the  cord,  and,  though  they  are  tolerably  smooth,  the  friction 
must  ultimately  bring  them  to  rest,  unless  the  loss  of  energy 
is  made  up  to  the  body  from  other  portions  of  the  same  body 
or  from  external  sources.  The  energy  which  is  thus  continu- 
ally being  Avasted  in  warming  the  cord  must,  I  think,  be  held 
to  correspond  to  the  heat  lost  by  radiation  into  space  ;  the  loss 
being  compensated,  in  cases  of  equilibrium  of  temperature,  by 
equivalent  receipts  from  neighbouring  bodies.  But  if  a  set  of 
molecules,  or  a  finite  mass  of  any  substance,  be  isolated  from 
all  other  bodies  and  left  to  itself  in  free  space,  the  molecules 
will  gradually  deliver  up  their  motion  to  the  interpenetrating 
medium,  and  will  ultimately  come  to  rest.  If,  then,  we  calcu- 
late the  work  done  in  unit  time  by  a  button  sliding  to  and  fro 
on  the  cord,  we  shall  get  the  rate  at  which  a  body  cools  under 
these  circumstances;  and  from  this  the  rate  under  any  other 
circumstances  can  be  obtained  at  once  by  simply  subtracting 
the  rate  at  which  it  gains  heat  from  the  enclosure. 

Since  we  have  no  data  regarding  the  actual  motion  of  a 
button,  we  may  as  well  for  the  present  consider  it  as  simply 
harmonic;  any  other  sort  of  motion  will  give  very  nearly  the 
same  result.     Let  the  period  of  the  simple  harmonic  motion 

27]- 

of  a  button  be  2t  =  — — ,  and  let  its  amplitude  be  a,  so  that  2a 

is  the  whole  length  of  a  button's  excursion  from  right  to  left. 
Its  velocity  at  any  distance  x  from  its  mean  position  is 
t'=  \/k{o? — x-\  and  its  maximum  velocity  is  V  =  aV/c.  Now 
we  remember  that  the  retarding  force  acting  between  a  button 
and  the  cord  is  proportional  to  r  the  specific  resistance  of  the 
substance  or  the  coefficient  of  "  friction,"  and  to  r  the  velocity 
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of  the  button  on  the  cord  at  any  instant  (this  is  Ohm's  law  ; 
see  §  9  equation  (1)  and  §  10);  hence  the  work  done  in  one 
excursion  from  riorht  to  left  is 


W 


The  work  done  in  unit  time  is  therefore 
t 


=  1      rvcLi'=  —  rcr  ^/  K. 

J  -a  ^ 

nit  time  is  therefore 

=  im-/c  =  i?-Y2; (1) 


and  this  is  the  rate  *  at  which  a  button  loses  its  energy  when 
left  to  itself  without  assistance  from  others,  or  the  rate  of  cool- 
ing of  a  substance  placed  in  an  enclosure  at  absolute  zero. 
Hence,  assuming  that  the  absolute  temperature  6  is  connected 
with  the  maximum  velocity  V  and  the  atomic  weight  m  by 
the  relation 

±,71^  =  80, 


re, (2) 


the  rate  of  coolino-  is  given  as 

om 

which  would  be  simply  proportional  to  6  (Newton's  law),  ex- 
cept that  the  resistance  r  itself  varies  with  the  temperature. 

§  23.  The  above  conclusion  that  the  radiating  power  of  a 
body  is  directly  proportional  to  its  specific  electrical  resistance 
and  inversely  as  its  atomic  weight,  is  not  negatived  by  the  expe- 
riments of  Leslie,  and  of  Provostaye  and  Desains,as  far  as  they 
go  ;  for  Leslie's  order  of  the  metals  in  radiating-power  agrees 
nearly  with  their  inverse  order  in  conductivity.     Moreover,  if 

one  finds  the  value  of  the  expression  -^  for  the  few  metals  more 

accurately  experimented  on  by  Provostaye  and  Desains,  one 
gets  a  number  whose  constancy  is  indeed  rough  but  quite  as 
good  as  could  be  expected.  The  only  metals  apparently  whose 
radiating-powers  were  ascertained  by  them  were  platinum, 
copper,  gold,  and  silver;  and  of  these  gold  was  only  tried  as 
gold-leaf,  which  is  scarcely  a  fair  test,  because  radiation  is 
more  than  a  surface  action.  The  following  Table  contains  in 
the  first  column  a  mean  value  of  the  radiating-power,  taken 

*  If,  instead  of  assuming  a  simple  hannonic  motion,  one  takes  any  mo- 

tion  having  average  velocity  _  V,  the  rate  of  doing  work  wUl  be  nearly 

4  .      .  .  '^ 

—  r^  ^,  which  is  only  slightly  different  from  (1), 
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from  Ganot,  art.  304,  for  the  three  metals,  silver,  copper,  and 
platinum  (gold  is  left  out  because  its  results  are  discordant); 
the  second  column  contains  the  relative  atomic  weights  ;  the 
third  column  an  approximation  to  the  relative  electric  conduc- 
tivity of  each  metal,  obtained  by  taking  a  mean  between  the 
value  given  by  Matthiessen  and  that  given  by  Becquerel 
(Miller,  vol,  i.,  being  my  authority);  and  the  last'^column  con- 
tains the  numbers  which  oufrht  to  be  constant. 


0:0. 

on. 

1 
r' 

viQ 
lOre' 

Silver 

27 

4-9 
10-1 

108 
63-5 

197 

100 
96 
13 

2916 

2987 
2586 

Copper  

Platinitm    

Gold  

4-3        1      196 

71 

5985 

Taking  2850  as  a  rough  mean  value  of  this  constant,  one  can 
calculate  backwards  to  the  radiating-power  for  any  metal  on 
the  same  scale.  The  following  Table  contains  the  radiating- 
power  given  by  the  h}'pothesis  for  a  dozen  common  metals, 
most  of  whose  resistances  at  0°  Centigrade  were  ascertained 
by  both  Matthiessen  and  Becquerel.  The  exclamatory  mark 
against  gold  signities  that  its  atomic  weight  has  been  called 
98  because  the  correct  value  19G  gives  2'0,  which  is  apparently 
too  small  a  result. 


Metal. 


iMeanconduc-     R^^^ting-    | 
tivity  at  0°  C.  I'^^^y /'^  ^l^"" 


Silver 100  2-6 

Gold! ;  71  4-1 

Copper   '  96  I           47 

Cadmium   i  24-1  |         10-6 

Platinum    13  |          IM 

Zinc    26-5  16%5 

Lead   '  83  166 

Tin i  13-2  18-3 

Iron    j  14-6  348 

Antimony  4*6  i         50-8 

Mercurv '           17  !         83-8 

Bismuth 1-25  I       1086 


Concerning  this  Table,  I  have  to  remark  that  the  hypothesis 
cannot  be  exjiected  to  give  correct  values  for  the  last  three 
metals  ;  for  the  electrical  resistance  was  ascertained  by  ex- 
periment on  large  masses  of  material,  whereas  it  is  the  mole- 
cular resistance  which  is  concerned  in  radiation  ;  and  though 
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the  two  are  the  same  in  homogeneous  material,  the  experi- 
mental value  of  the  resistance  is  probably  too  great  in  the  case 
of  crystalline  metals  like  antimony  and  bismuth,  or  even  per- 
haps iron.  And  as  regards  mercury,  its  molecular  motions 
cannot  be  all  oscillatory  like  those  assumed  in  the  hypothesis, 
but  must  have  much  of  their  energy  in  the  form  of  whatever 
motion  is  characteristic  of  liquidity. 

§  24.  Now  the  researches  of  Dulong  and  Petit  have  indi- 
cated the  true  law  of  cooling  to  be 

e=p{ci'-l), (3) 

where  p  is  a  constant  depending  on  the  nature  of  the  sub- 
stai;ice,  and  a  is  a  number  usually  stated  to  apply  to  all  sub- 
stances and  to  be  equal  to  1*0077.  As,  however,  this  is  only 
an  experimental  number,  I  shall  take  the  liberty  of  assuming 
that  in  general  both  j^  and  a  vary  with  the  substance,  but  that 
the  value  of  a  is  always  very  close  to  unity. 

Equations  (2)  and  (3)  combined  give  us  the  law  according 
to  which  the  electrical  resistance  of  a  body  varies  with  the  ab- 
solute temperature,  viz. : — 

iimp    a^  —  1  . .  s 

'■=s-~r- W 

I  shall  denote  the  constant  — -  bv  the  letter  h  for  shortness, 

.s        "" 

and  shall  occasionally  use  (4)  in  the  expanded  form — 

r  =  a  +  /3^  +  7^-+  ...,        ....      (5) 


where 


The  series  is  very  converging,  because  a  is  so  near  1  ;  thus  if 
a=  1*0077,  logga=*0076;  and  the  first  two  terms  will  in  many 
cases  sufiice. 

Digression. 

§  25.  In  Balfour  Stewart's  '  Heat,'  page  207,  it  is  shown 
from  the  theory  of  exchanges  that  the  internal  radiative  poAver 
of  a  transparent  substance  is  proportional  to  the  square  of  its 
index  of  refraction,  because  a  small  cone  of  rays  issuing  nor- 
mally from  some  small  area  inside  the  body  will  spread  out  at 
the  surface  into  a  cone  of  larger  angle,  the  ratio  between  the  two 
solid  angles  being  obviously  yu,^,  so  that  to  maintain  equilibrium  of 
temperature  the  internal  radiative  power  must  be  ij?  times  that 
of  the  surface  of  the  enclosure  exposed  to  the  plane  surface  of 
the  body.     There  is  no  ground  for  denying  an  index  of  refrac- 
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tion  to  metjiLs  (cf.  Professor  Ketteler  in  the  November  Number 
of  the  '  Pliilosopliical  Magazine,'  p.  383)  ;  so^we  will  suppose 
the  same  to  hold  good  with  them. 

Again,  the  velocity  of  light  in  a  medium  (other  tilings  hein<j 
equal)  will  be  ])roportional  to  the  square  root  of  the  elasticity  of 
the  threads  joining  the  buttons  (§§8  and  1<S);  for  the  maxi- 
nmm  velocity  V  of  a  particle  is  a^/zc  (§  22);  and  this  is  related 
to  the  velocity  of  propagation  of  light  L  by  the  equation 

V:L  =  27ra:\, 
X  being  of  course  the  wave-length,  whence 

-p  A.  V  AC 

But  the  velocity  of  light  in  a  medium  is  known  to  be  inversely 
as  fM  :  therefore 

/m'^cc-^cx.K, (6) 

(see  §  8),  which  appears  to  agree  with  Maxwell's  theory  that 
the  index  of  refraction  of  a  substance  is  nearly  equal  to  the 
square  root  of  its  specific  inductive  capacity  K. 

We  have  found,  then,  that  the  internal  radiating-power, 
which  we  have  shown  to  be  proportional  to  r,  is  also  inversely 
proportional  to  k,  because  directly  proportional  to  fjr  ;  hence 

Kcxr-'; (7) 

or  conductivity  for  heat  and  electric  conducti^^t}'  in  metals  are 
proportional  to  one  another  (for  Ave  saAv  in  §  18  that  k  Avas 
probably  proportional  to  the  conductivity  for  heat);  and  there- 
fore the  conductivity  for  heat  varies  with  the  temperature  ac- 
cording to  the  law 

which  is  a  curve  not  very  diJBFerent  from  ^.     It  vanishes  for 

6=-j:  ,  and  it  becomes  great  and  equal  to  j-~ —  for  ^  =  0. 

The  law  of  the  steady  conduction  of  heat  parallel  to  the  axis 
of  X  through  a  slab  is 

at         ax 

Now  Professor  Tait,inhis'EecentAdvancesinPhysic<al  Science,' 
p.  271,  says  that  Avhen  everything  has  attained  a  permanent  con- 
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dition,  the  available  energy  would  have  a  minimuin  (and  therefore 
a  stable)  distribution  if  the  temperature  fell  along  a  logarithmic 

curve,  or  if  -.-  gc^:  it  is  therefore  to  be  assumed  that  this  is  the 
ax 

case.     But  from  this  it  follows,  since  -5-  =0,  that  the  thermo- 

K 

metric  conductivity  -  must  vary  inversely  as  the  absolute  tem- 
perature. K  by  itself  nearly  does,  but  not  quite,  (8)  ;  so  we  get 
a  law  for  the  variation  of  specific  heat  per  unit  volume  with 
temperature,  viz. 

^'^P''^=^'a^l (^) 

This  is  tolerably  constant,  or  the  curve  runs  almost  parallel  to 

the  axis  of  6,  for  ordinary  ranges  of  temperatm-e ;  it  attains  a 

2 
maximum  about  when  6=-. — —.  and  it  has  points  of  inflexion 

log^a '  ^ 

about  when  6  =  -^ — -,  the  three  temperatures  referred  to 
log  a  '  ^ 

being  -196_°-4,  -i0°-8,  +174°-8  Centigrade,  if  the  value  of 
a  were  1*0077  ;  but  a  very  small  change  in  a  would  ob^-iously 
cause  great  alteration  in  these  temperatures. 

One  may  write  a  tolerably  close  approximation  to  a  for  ordi- 
nary values  of  6  thus : 

"^"m  (log  a)- '(3  +  ^  log  a)'       '     "     "     ^^^^ 

I  have  put  p  into  (9)  with  no  other  justification  than  to  get  rid 
of  it  from  k  (whose  A  contains  it)  so  as  to  leave  nothing  but 
the  atomic  weight  m  in  (9),  except  a  universal  constant  H,  this 
H  being  proportional  to  ma,  the  atomic  heat. 

§  26.  In  saying,  as  we  did  in  §  21,  that  the  cord  remains 
stationary  under  the  combint  J  oscillatory  motions  of  the  but- 
tons, we  have  assumed  that  the  friction  of  a  button  is  symme- 
trical as  regards  right  and  left ;  that  is,  we  have  assumed  that  the 
buttons  are  not  notched  so  as  to  be  rougher  when  sliding  over 
the  cord  one  way  than  when  sliding  the  other  Avav,  as  an  ear 
of  rye-grass  would  be.  If  this  condition  were  not  satisfied, 
the  simple  to-and-fro  oscillations  of  the  buttons  would  confer 
a  progressive  motion  on  the  cord.  Possibly  the  condition  is  not 
satisfied  in  some  crystalline  bodies,  like  tourmaline :  and  this 
would  account  for  their  internal  polarity;  for  since  the  crystal  is 
an  insulator,  the  cord  will  be  displaced  by  the  unequal  friction 
only  so  far  as  the  dielectric  elasticity  will  permit  it,  and  the  result 
wUl  be  a  state  of  strain  inside  the  crystal  and  a  difference  of 
potential  between  its  opposite  faces.     In  time  the  potentials  of 

2M2 
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these  faces  would  become  equalized  by  surface  leakage  or 
otherwise;  but  anv  quickening  of  the  motions  of  the  molecules 
(rise  of  temperature)  will  increase  the  electric  displacement 
and  strain,  and  will  restore  a  certain  amount  of  ditference  of 
potential  to  the  fiices.  On  the  other  hand,  a  lowering  of  the 
temperature  of  the  crystal  will  give  the  elasticity  an  advantage 
over  the  friction  ;  some  of  the  previously  displaced  cord  will 
return,  and  the  potentials  of  the  faces  will  change  sign. 

§  27.  Return  now  to  the  consideration  of  a  simple  metallic 
conductor  with  its  buttons  all  executing  isochronous  simple 
harmonic  motions  on  the  cord.  Apply  a  force  to  the  cord  so 
as  to  make  it  move  continuously  forward  with  a  velocity  ^l ; 
that  is,  generate  a  current  of  strength  proportional  to  n  in  the 
conductor  by  means  of  external  electromotive  force.  We  will 
not  suppose  that  u  is  great  enough  at  all  to  interfere  with  the 
motion  of  the  buttons  ;  in  other  words,  we  will  assume  that  u 
is  incomparably  less  than  Y;  nevertheless  the  vibrations  of  the 
buttons,  though  unaltered  in  space,  are  no  longer  symmetrical 
right  and  left  with  respect  to  the  cord  :  in  one  direction  their 
relative  velocity  is  the  sum,  in  the  other  the  difference  of  their 
respective  velocities  ;  hence  the  motion  of  the  cord  is  resisted, 
and  work  must  be  done  to  drive  it.  If  the  buttons  were  sta- 
tionary, the  force  opposing  the  motion  of  the  cord  in  each 
button  would  be  ru  by  Ohm's  law  ;  and  this  force  is  unaltered 
by  the  motion  of  the  buttons  so  long  as  u  is  small.  For  con- 
sider the  work  done  by  a  button  in  one  excursion  ;  properly 
speaking  it  would  be 

W=  f """'"'    {v±u)rdx,       ....     (11) 

*J  — (ai  \ut) 

the  signs  to  be  taken  according  as  the  excursion  is  against  or 
with  the  cord;  but  as  this  expression  is  unmanageably  long,  I 
will  be  content  with  the  simpler  one,  true  when  m  is  small, 

Wi  =  1      (r  +  ?/)?'(/.r  =  -z  rdr  s/  k-\-  2arii 
J -a  ^ 

for  the  Avork  done  by  a  button  in  an  excursion  against  the  cord, 
and 

f  +  "  77 

^2  =  1      {v  —  ii)i'dx=  -  7'a-  ^ K  —  '2aru 
J -a  ^ 

for  the  work  done  in  an  excursion  with  it.  Tlie  balance  of 
work  done  against  the  cord  in  a  double  excursion  (that  is, 
while  the  button  travels  over  a  distance  4a)  is 

Wi-W2  =  4«m; (12) 

hence  the  average  force  exerted  must  be  equal  to  ru. 
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The  rate  of  radiation  work  of  a  button  is 

— =  h'a-K, (13) 

the  same  as  that  given  by  equation  (1)  when  no  current  was 
passing. 

We  have  found,  then,  that  each  button  exerts  an  average 
force  on  the  cord  equal  to  ru ;  hence,  if  there  are  n  but- 
tons in  a  row  on  each  cord,  and  m  cords  lying  side  by  side, 
the  electromotive  force  or  difference  of  potential  required  to 
drive  a  current  of  strength  nm^=C  through  a  conductor  of 
sectional  area  represented  by  m,  and  length  represented  by  n,  is 

-=E  =  m-u=-r.7n«  =  RC,      .      .      .      (U) 
in  m 

which  merely  shows  that  Ohm's  law,  if  true  for  each  button, 
is  true  for  the  Avhole  conductor  if  its  temperature  is  kept  con- 
stant. The  work  done  by  this  force  in  any  time  T  will  be  equal 
to  the  product  of  the  force  into  the  distance  through  which  it 
may  have  moved  the  cord  in  that  time — that  is,  FwT  ;  hence 
the  rate  of  "  frictional "  generation  of  heat  by  the  current  is 

jm7iru-=jJiC^, (15) 

which  is  Joule's  law  that  the  amount  of  heat  generated  in  a 
given  time  is  proportional  to  the  resistance  of  the  conductor 
and  to  the  square  of  the  strength  of  the  current.  It  is  conve- 
nient to  use  j  for  the  number  of  units  of  heat  contained  in  a 
unit  of  work,  i.  e.  for  the  reciprocal  of  J. 

Though  I  have  here  taken  account  of  more  cords  than  one,  it 
will  not  be  necessary  to  do  this  hereafter,  as  what  is  true  for 
any  one  cord  will  be  true  for  any  number,  so  we  "s^'ill  henceforth 
consider  ??i  =  l. 

§  2S.  So  far  we  have  considered  only  homogeneous  circuits, 
in  which  all  the  buttons  have  the  same  amplitude,  the  same 
period,  and  the  same  average  velocities.  In  these  cases  the 
cord  is  in  equilibrium  under  the  united  and  balanced  action  of 
all  the  buttons  on  it,  but  it  is  perfectly  free  and  capable  of  per- 
manent displacement  by  tLv?  slightest  force  ;  so  that  if  even 
one  button  Avere  made  to  move  forward  always  faster  than  it 
returned,  it  would  exert  an  electromotive  force  on  the  cord 
and  move  it  forward  a  little  at  each  oscillation.  On  the  other 
hand,  if  any  button  be  made  to  go  forward  more  slowly  than 
it  returns,  it  will  exert  less  force  on  the  cord  than  is  expected 
of  it,  and  the  cord  will  be  moved  backwards  by  the  other  but- 
tons while  the  slow  one  is  going  forward.  Hence  if  Ave  con- 
ceive a  cord  on  AA'hich  all  the  buttons  but  one  are  oscillating 
regularly  to  and  fro  Avith  the  average  A'elocity  v,  Avhile  this 
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one  is  oscillating  forwards  with  velocity  v-\-x  and  backwards 
with  velocity  r— .r,  then  the  cord  will  be  pushed  forward  both 
by  reason  of  the  too  rapid  motion  and  by  reason  of  the  too 
sluggish  one;  and  the  electromotive  force  urging  it  is 

(y  +  xyr  —  {v—x)r  =  2xr (IC) 

If  the  cord  were  allowed  to  move,  the  work  done  per  second 
by  this  force  would  be  2xru  ;  and^"  times  this  is  therefore  the 
rate  at  which  heat  is  absorbed  at  such  a  point  by  this  force. 
The  heat  so  absorbed  is  evolved  in  other  parts  of  the  circuit, 
because  friction  opposes  the  motion  of  the  cord  with  a  force 
mir  equal  to  2xr.  If  Ave  urge  the  cord  at  any  rate  u  through 
such  a  circuit  by  an  external  electromotive  force  E  acting  in 
the  same  direction  as  the  force  of  the  a;-button,  the  work  done 
per  second  is  ^u  =  {nur-2xr)u, 

or  the  heat  generated  is 

j{nu-r — 'ixrii),        (17) 

and  the  strenth  of  the  current  is 

E  +  2a;;'      E  +  H 


E 


(18) 


Now  (17)  contains  two  terms,  one  depending  on  the  square  of 
the  current  and  being  the  irreversible  frictional  generation  of 
heat  (15),  and  the  other  changing  sign  with  the  current  and 
representing  the  heat  absorbed  or  generated  at  the  .r-button 
according  as  u  is  positive  or  negative,  remembering  that  the 
current  has  been  considered  positive  when  going  the  way  the 
button  tends  to  drive  it. 

Something  analogous  to  the  unsymmetrical  action  of  this 
.r-button  is  what  I  imagine  to  go  on  at  a  junction  either  of  two 
different  metals  at  the  same  temperature,  or  of  two  parts  of  the 
same  metal  at  different  temperatures;  and  accordingly  2jxru 
will  correspond  either  to  the  Peltier  effect  or  to  Thomson's 
convection  effect;  and  Ixr  is  analogous  to  the  coefficient  which 
which  is  called  11  in  the  one  case  and  may  be  called  0  in  the 
other. 

§  29.  Let  us  now  proceed  to  consider  what  kind  of  unsym- 
metrical motions  may  reasonably  be  expected  to  actually  occur 
at  a  Junction  either  of  two  different  metals  at  the  same  tempe- 
rature, or  of  two  portions  of  the  same  metal  at  different  tem- 
peratures. In  both  cases  the  molecules  on  the  two  sides  of 
the  junction  are  ^-ibrating  at  different  rates: — in  the  first  case 
so  that 

m^vl^mbi-ii (1^) 

m^  and  m^  being  the  atomic  weight  of  the  two  metals  ;  and  in 
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the  second  case  so  that 

e2v\=e^vi, (20) 

6i  and  62  being  the  absolute  temperature  on  either  side  of  the 
junction. 

Xow  it  is  very  unlikely  that  the  vibrations  of  the  closely 
packed  molecules  of  a  solid  should  be  any  thing  so  simple  as 
the  simple  harmonic  motions  partially  assumed  in  §§  2'2  and 
27  :  in  other  words,  the  restoring  force  cannot  be  due  simply 
to  bending  of  the  connecting  rods,  but  it  must  also  be  an 
effect  of  the  neighbouring  buttons  by  impact  or  otherwise. 
Any  button  in  the  interior  of  a  mass  of  metal  will  be  driven 
backwards  and  forwards  with  a  velocity  depending  on  the 
average  velocities  of  the  buttons  in  its  neighbourhood  as  well 
as  on  the  elasticity  of  its  connecting  rods  ;  and  if  the  mass  be 
homogeneous,  its  velocities  to  right  and  left  will  be  equal.  But 
consider  a  button  on  the  bounding  surface  of  a  mass  in 
vacuum.  It  is  being  struck  behind  continually  bv  its  con- 
tiguous buttons,  but  there  is  nothing  striking  it  in  front  ;  and 
accordingly  its  velocity  in  the  excursion  outwards  will  be 
greater  than  in  its  return  journey,  the  return  having  to  be 
accomplished  by  the  strained  rods  in  opposition  to  the  force 
of  impact.  Any  cause  which  either  increases  the  average 
velocity  of  the  molecules  or  decreases  the  elasticity  of  the 
rods  will  increase  the  difference  between  the  out  and  in  velo- 
cities, which  may  be  said  to  depend  on  r  directly  and  on  ^  k 
inversely.  Xow  a  rise  of  temperature  does  both  these  things  ; 
it  increases  v  in  proportion  to  V  ^j  and  it  decreases  k  in  the 

proportion  of  ^  (see  (8)) ;  hence  the  difference  of  velocity 

may  without  violence  be  assumed  to  be  simply  proportional 
to  the  absolute  temperature  in  any  given  medium.  As  the 
temperature  rises,  then,  a  surface  molecule  will  go  forward 
more  and  more  rapidly  and  return  more  and  more  slowly ; 
moreover  its  mean  position  will  be  shifted  more  and  more 
outwards:  occasionally  a  'molecule  may  get  struck  away 
altogether,  which  is  evaporation. 

If  we  bring  a  second  mass  of  the  same  material  at  the  same 
temperature  into  close  contact  with  the  first  mass,  the  surface- 
buttons  of  each  will  drive  one  another  inwards,  and  they  will 
oscillate  like  any  other  buttons  in  the  interior  of  a  homo- 
geneous mass.  But  if  the  second  mass  of  metal  be  either  of 
different  material  or  of  different  temperature  from  the  first 
mass,  its  molecules  will  not  be  oscillating  at  the  same  rate  ; 
and  though  the  surface-buttons  of  each  will  be  partially  re- 
stored to  their  places  and  made  to  oscillate  more  uniformly 
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than  before,  yet,  since  the  impacts  of  one  are  more  violent 
than  those  of  the  other,  they  ^vill  still  ha^  e  some  irregularity — 
those  of  the  hotter  metal  A  going  faster  from  A  towards  B 
and  slower  in  the  reverse  direction,  >vhile  those  of  B  go  slowly 
from  B  to  A  and  faster  back  again  from  A  to  B.  On  the 
Avholo,  then,  we  have  a  double  layer  of  buttons  oscillating 
quicker  in  one  direction,  viz.  A  B,  than  the  other*;  and  such 
buttons,  if  threaded  on  a  cord,  Avould  have  a  tendejicy  to  drive 
it  in  the  direction  A  B,  as  we  have  already  seen,  §  28. 

§  30.  At  a  junction  of  two  metals,  or  of  unequally  hot 
pieces  of  one  metal,  v,o  appear  then  to  have  found  an  electro- 
motive force  acting  in  one  direction  ;  but  there  is  something 
further  to  be  noticed  yet.  We  found  in  the  former  paper 
that  in  any  complete  model  it  was  necessary  to  have  not  one 
cord  but  two,  arranged  side  by  side  and  connected  so  that 
however  one  moves  the  other  must  move  with  the  same  velo- 
city in  the  opposite  direction — one  representing  a  current  of 
positive,  the  other  the  simultaneous  equal  opposite  current  of 
negative  electricity.  Now  the  electromotive  force  whose  exist- 
ence w^e  have  been  recently  imagining,  is  one  that  will  act  on 
both  these  cords  ;  and  if  it  acted  on  both  equally  they  would  be 
both  urged  equally  in  the  same  direction,  and  consequently 
could  not  move  at  all.  It  is  necessai-y,  therefore,  to  assume 
that  the  bite  of  the  buttons  on  one  of  these  cords  is  greater 
than  their  bite  on  the  other ;  but  whether  it  is  the  positive  or 
the  negative  cord  on  which  the  greatest  force  is  exerted  in  a 
given  case  will  depend  on  the  nature  of  the  metal,  and  possibly 
also  on  its  temperature — though  Ave  have  no  evidence  as  re- 
gards the  latter  point,  and  I  shall  not  assume  it. 

What  we  have  now  assumed  amounts  to  this,  that  the 
quantity  r,  called  the  specific  resistance  of  a  substance,  is  made 

*  Although  -we  should  have  at  such  a  juDction  molecules  travelling 
quicker  in  one  direction  than  the  other,  there  will  he  no  excess  of 
momentum  either  way  as  was  to  he  expected  in  dielectrics  and  elec- 
trolytes (see  §  8  footnote  and  §  16) ;  for  there  will  be  a  large  number 
of  molecules  side  by  side  in  such  a  layer,  and,  since  each  takes  a  longer 
time  over  its  slow  journey  than  over  its  quick  one,  there  will  he  at  any 
instant  more  molecules  nioving  slowly  than  quickly,  and  their  excess  in 
number  will  make  up  for  their  defect  in  velocity,  so  that  the  average 
momentum  each  way  will  be  the  same.  But  it  is  a  suggestion  of  Mr.  G. 
Johnstone  Stoney's,  "which  he  made  at  the  Physical  Society  last  Novem- 
ber, in  connexion  with  his  theory  of  ]Mr.  Orookes's  radiometer,  that 
though  ?» I'  may  equal  m'v' it  by  no  means  follows  that  lmv^=hn'v''  : 
there  will,  in  "fact,  in  the  above  arrangement  be  an  excess  of  kinetic 
energy  in  favour  of  the  quickly  moving  molecules,  t.  e.  from  A  to  B.  This 
is  energy  which  can  be  expended  in  driving  the  cord.  But  if  the  cord 
be  forcibly  held  so  that  it  cannot  move,  the  energy  will  still,  I  suppose, 
be  transferred  from  A  to  B  ;  but  it  will  not  now  be  doing  useful  work,  it 
will  be  deeraded  into  mere  diilusion  of  heat. 
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up  of  tAA-o  parts,  such  that  r  =  r'  -\-i'" ,  whereof  v*'  is  the  specific 
resistance  referred  to  positive  electricity,  and  r^'  is  the  specific 
resistance  referred  to  negative  electricity,  and  that  in  any 
metal  in  Avhich  a  current  exhibits  convective  power  for  heat 
the  two  parts  are  not  equal.  If  the  '"  specific  heat  of  vitreous 
electricity  "  is  positive  (as  Thomson  has  experimentally  proved 
it  to  be  in  copper),  i-"  is  greater  than  /;  but  if  it  is  negative 
(as  it  is  in  iron),  then  i'^  is  greater  than  i'".  However,  this 
will  appear  more  fully  presently,  §  35. 

§  31.  Consider  noAV  the  electrical  condition  of  a  homo- 
geneous mass  of  metal.  Its  surface  molecules  are  moving 
more  quicklv  outwards  than  inwards,  and  are  hence  straining 
the  cords  outwards  (which  cord  they  strain  most  depends  upon 
circumstances ;  but  for  simplicity  I  will  suppose  that  there  is 
only  one,  and  that  the  positive  cord):  the  cord  inside  is  thus 
in  a  slight  state  of  tension,  or  (§  1)  the  potential  of  the  metal 
is  lower  than  that  of  the  air  in  its  neighbourhood.  The  cord 
does  not  move,  because  the  surface  forces  are  balanced  all 
round  :  it  resembles  a  drop  of  water  in  a  capillary  tube.  (If 
the  negative  cord  were  acted  on  most,  the  condition  of  the 
metal  would  resemble  mercury  in  a  capillary  tube,  or  simplv 
a  drop  of  water  in  its  own  skin.)  Another  mass  of  different 
material  will  show  the  same  thinof.  onlv  to  a  different  amount. 
If  the  two  metals  are  put  into  contact,  we  have  three  kinds  of 
bounding  surfaces,  viz.  those  which  separate  air  and  A,  A  and 
B,  B  and  air ;  and  the  forces  at  each  surface  are  in  general  dif- 
ferent :  hence  the  forces  all  round  A  are  no  longer  balanced,  and 
the  cord  moves,  say  from  A  to  B,  a  certain  limited  extent,  just  as 
the  water  in  two  capillary  tubes  of  different  bore  would  when 
they  are  brought  into  contact.  The  particles  of  the  dielectric 
outside  (being  also  threaded  on  the  cord)  will  at  the  same 
time  be  pulled  nearer  to  A  and  pushed  fuither  from  B  ;  that 
is,  §§  1  and  2,  the  surface  of  A  is  charged  negativelv  and 
that  of  B  positively. 

§  32.  The  difterence  of  potential  produced  by  the  above 
surface-action  is  closely  allied  to  Yolta's  contact  electricitv, 
which  is  also  an  effect  taking  place  at  the  free  surfaces  of  the 
two  metals,  but  which  is  probably  greatly  assisted  bv  an  in- 
cipient voltaic  current  taking  place  through  the  air  which  acts 
as  the  exciting  fluid,  the  electromotive  force  being  produced  by 
the  tendency  of  the  air  to  unequal  chemical  action  on  the  two 
metals.  Since  the  air  is  a  dielecti-ic  and  not  an  electrolyte, 
there  is  no  continuous  current  developed,  but  only  a  difference 
of  potential  capable  of  causing  a  current  if  the  resistance  of 
the  air  were  diminished  sufiiciently;  and  the  cord  is  displaced 
through  the  air  and  across  the  junction  of  the  two  metals  to 
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an  extent  proportional  to  this  diffVrenco  of  potential,  the  elec- 
tromotive force  beinor  balanced  bv  the  .slii^ht  state  of  strain 
which  IS  set  up  in  the  air  by  this  displacement.  The  metals 
Avhich  show  the  greatest  effect  are  those  which  stand  furthest 
apart  in  the  voltaic  series. 

But  the  contact  electricity  spoken  of  above  as  generated  at 
the  junction  of  two  metals  has  nothing  to  do  with  chemical 
action.  It  is  an  incijjient  thermo-electric  current  taking 
place  across  the  junction,  which  only  shows  itself  as  a  slight 
displacement  of  the  cord,  unless  the  metallic  circuit  is  com- 
pleted by  a  second  junction  generating  an  electromotive  force 
different  from  that  of  the  first.  The  action  between  zinc  and 
copper  Avould  not  be  at  all  so  strong  as  between  bismuth  and 
antimony  :  in  fact,  the  metals  stand  here  in  their  thermo- 
electric order.  Of  course,  what  is  actually  observed  in  any 
ordinary  case  of  two  metals  in  contact  is  a  mixture  of  the 
two  effects  ;  and  the  voltaic  effect  is  usually  far  the  greatest. 

§  33.  The  very  provisional  value  2xr  already  obtained  in 
§  28  for  the  electromotive  force  at  a  junction  is  sufficient  to  show 
several  things.  For  instance,  since  it  is  a  direct  function  of  re- 
sistance, substances  of  high  specific  resistances  may  be  expected 
to  make  the  best  thermo-electric  materials — such,  for  example, 
as  metallic  alloys,  or  sulphides,  or,  still  better,  tellurium  or 
selenium  *.  Hence  also  we  might  expect  contact  effects  to  be 
extremely  powerful  between  two  substances  ordinarily  called 
"insulators."  Some  violence  might  have  to  be  used  to  dis- 
place  the  cord  through  the  very  rough  buttons  of  a  dielectric ; 
and  a  certain  amount  of  heat  would  be  generated  by  the 
"friction"  of  the  cord  through  the  buttons;  but  when  once 
displaced  it  would  not  easily  slide  back  again,  and  the  effects 
might  accumulate  ;  so  that  by  rubbing  a  dielectric  with  a 
cord-supplying  substance  (a  metal),  one  could  electrify  it  very 
highlv  :  and  this  is  done  in  an  ordinarv  glass  electrical  machine. 
Any  two  substances  which  differ  at  all  in  conducting  power 
may  be  expected  to  give  some  contact-force.  Thus,  if  a 
crystalline  metal  conducts  better  along  the  fibre  than  across, 
or  if  a  strained  metal  has  a  higher  resistance  than  an  un- 
strained, or  if  the  conductivity  of  magnetized  iron  depends 
on  the  direction  of  magnetization,  then  contact-force  may  be 
looked  for  in  each  case  at  the  junction  of  the  substance  in  its 
two  different  states. 

§  34.  It  is  now  time  to  try  what  are  the  actual  values  which 

*  Since  tbe  resistance  of  selenium  has  been  found  to  fall  ojff  under  ex- 
posure to  light,  it  is  probable  that  its  "  thermo-electric  power  "  ■wUl  be 
found  to  do  so  also ;  in  other  words,  illuminated  selenium  will  have  a 
place  higher  up  in  the  thermo-electric  series  than  unilluminated  selenium. 
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the  assumptions  founded  on  the  model  give  for  the  electromo- 
tive force  developed  at  junctions,  and  to  see  if  these  values 
satisfy  the  conditions  which  Thomson  has  laid  down  for  them 
from  thermodynamic  principles.  Consider,  therefore,  a  junc- 
tion of  two  metals  A  and  B,  at  the  temperature  6,  whose  re- 
sistances are  r^  and  ?*a,  such  that  r'a  and  i'''a  are  the  positive 
and  negative  resistances  respectively  of  the  metal  A  (referring 
to  §  30  for  an  explanation  of  these  terms),  and  i^b,  r"i,  of  B  ; 
also  let  I'a  and  v' a  be  the  out  and  in  velocities  (§  29)  of  the 
molecules  of  the  metal  A,  and  Vb  and  v'l,  those  of  the  metal 
B :  then  the  force  exerted  on  the  positive  cord  is 

^--={^-a-v'y-{i--v\yb-    .  .  .  (21) 

Kow  in  §  29  we  agreed  to  consider  the  difference  of  the  out 
and  in  velocities  to  be  proportional  to  the  absolute  temperature 
in  any  particular  metal*:  hence  we  shall  have 

F=A^/„-B^/,; 

similarly  for  the  force  acting  on  the  negative  cord  we  shall 
have 

F^=A^/'„-B^/',. 

Hence  the  balance  of  force  useful  for  urg-inor  the  cords  is 

n  =  F-F  =  ^{A(/„-0-B(/,-r-,)}.    .     {22) 

e -1 

Now  (§  24)  r  is  of  the  form  h  ;    and  from   what  was 

said  in  §  30  it  is  plain  that  h  must  not  only  varv  for  different 
substances,  but  must  have  in  general  different  values  for  the 
positive  and  negative  cord  in  any  one  substance.  Call  these 
values  //  and  N',  so  that  h  =  h'  -\-h".  h  also  changes  from  one 
substance  to  another,  and  so  does  a ;  but  I  shall  assume  that 
the  latter  is  constant  as  regards  the  positive  and  neo-ative  cords ; 
if,  however,  the  sign  of  the  specific  heat  of  electricitv  in  a  sub- 
stance were  found  to  depend  upon  the  temperature,  then  a 
must  also  be  spht  into  two  parts  a'  and  a".     At  present  I  shall 

*  The  account  given  in  §  29  of  the  cause  of  the  difference  between  the 
out  and  in  velocities  at  a  junction  cannot  be  held  to  apply  satisfactorily 
to  the  case  of  a  junction  of  two  different  metab ;  for  it  makes  the  thermo- 
electric power  of  a  metal  to  depend  on  the  substance  with  which  it  is 
associated,  instead  of  beiug  a  simple  property  of  each  individual  metal  and 
its  temperatm-e — as  it  is  known  to  be,  because  the  metals  can  be  arranged 
in  a  thermo-elecn-ic  series  at  any  temperatm-e.  Hence,  whatever  influence 
difference  of  atomic  weight  may  have  in  producing  the  unsvmmetrical 
action  very  reasonably  to  be  expected  at  a  junction,  it  cannot  act  quite  in 
the  manner  suggested  in  §  29 ;  for  the  difference  between  the  out  and  in 
velocities  of  any  particular  substance  must  reallv  depend  only  on  its  own 
physical  properties,  and  not  on  those  of  the  substance  with"  which  it  is 
put  into  contact. 
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only  assume  that  it  is  different  in  A  and  B,  and  shall  call  its 
value  in  B,  h.     Putting  the  values  of  r  into  (22),  we  get 

Il^K{h'-h\){a^-l)-B{h\-h\W-l).  .     (23) 

This  is  the  electromotive  force  generated  at  a  junction  of  two 
metals  A  and  B  at  the  absolute  temperature  6  ;  and  therefore 
it  is  the  coefficient*  of  the  Peltier  effect;  and  the  heat  absorbed 
per  second  at  such  a  junction  by  a  current  of  strength  u 
is  (§  28) 

in./ (24) 

The  roots  of  the  equation  11  =  0  will  give  temperatures  at 
which  there  is  no  electromotive  force,  or  at  which  the  two 
metals  are  neutral  to  one  another.  There  are  only  two  posi- 
tive roots  :  ^  =  0  is  of  course  one  ;  for  then  all  molecules  are 
standing  still.  The  other  will  be  the  neutral  temperature  of 
Gumming  ;  a  first  approximation  to  it  is 

^  -2A{h\-h''„)  log  a  +  2B(//,-n)  log  b 
^°-  A(//„-/OGog«?-B(/7,-A",)(log6)^-       ^-^^ 

§  35.  Leave  this  for  the  present,  and  proceed  to  find  the 
electromotive  force  generated  at  a  junction  of  two  parts  of  the 
same  metal  A  at  different  temperatures  6^  and  6-2 — or  rather  the 
electromotive  force  generated  in  a  certain  length  of  A,  in  which 
the  temperature  is  gradually  falling  from  the  value  di  at  one 
end  to  the  value  62  at  the  other.  Consider  a  small  element 
Avith  temperature  6,  resistance  r,  and  out  and  in  velocities  of 
the  molecules  r,  v  +  dv  at  one  end  ;  and  at  the  other,  tempera- 
ture 6  +  cW,  resistance  r  +  dr,  and  velocities  x\  and  x\  +  di\  : 
then  the  force  exerted  on  the  positive  cord  in  this  element  is, 
just  as  in  (21), 

^'F  =  r'dv-{r'  +  dr')di\, 
or  in  the  limit 

which 


dY  =  dvdr', (2P) 


=  Kedr', 

since  dv  is  proportional  to  6  (§  29). 

Similarly,  the  force  on  the  negative  cord  is 

dW  =  Kedi^'; 

so  the  balance  of  electromotive  force  in  the  element  is 

d(d=d¥-dW=A.d{dr'-dr").  .     .     (2(5) 

*  I  find  I  Lave  not  used  the  symbol  in  quite  its  ordinary  sense:  Thom- 
son calls  Uu  the  heat  absorhed,  and  Jll  the  electromotive  force.  I  have 
prefen-ed  my  notation,  however,  as  the  J  occurs  more  naturally  in  a  quan- 
tity of  heat  "than  it  does  in  an  electromotive  force. 
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Now  (4) 

o.r  =  h ^-^2 ^^; 

hence,  integrating, 

0=  f'  de  =  X{N-  h")  (  a«i-a«^-  P"^  ^^  1 ,    (27) 

a  force  acting  in  the  direction  from  hot  to  cold  when  h'  —  h"  is 
positive. 

This,  then,  is  the  coefficient  of  Thomson's  effect ;  or  if  a 
current  of  strength  u  be  sent  through  the  metal  in  opposition 
to  the  above  force,  the  heat  generated  per  second  is  (§  2^) 

j^n, (28) 

which  will  show  itself  as  a  convexion  of  heat  by  the  current  in 
one  direction  or  the  other,  according  as  h'  is  greater  or  less 
than  //'.  Thus,  if  the  current  generates  heat  or  '•  carries  heat 
with  it "  in  passing  through  the  metal  from  hot  to  cold,  the 
electromotive  force  0  must  be  acting  from  cold  to  hot ;  and 
therefore  the  bite  of  the  buttons  on  the  negative  cord  must  be 
greater  than  on  the  positive,  or  h  must  be  greater  than  //, 
This  is  the  case  in  copper.  But,  on  the  other  hand,  if  the  cur- 
rent absorbs  heat  in  passing  from  hot  to  cold,  so  that  the  heat 
appears  to  travel  against  the  current  (that  is,  if  the  "  spe- 
cific heat  of  vitreous  electricity  "  be  negative),  then  the  electro- 
motive force  0  must  be  actmg  with  the  current,  or  from 
hot  to  cold ;  that  is,  //  is  greater  than  h",  and  the  positive  cord 
is  most  acted  on.     This  is  the  case  in  iron. 

The  quantity  of  heat  carried  down  small  unit  difference  of 
temperature  in  unit  time  by  unit  positive  current  (that  is,  by 
unit  quantity  of  vitreous  electricity),  Thomson  calls  ("with- 
out theory,  but  by  an  obvious  analogy")  the  specific  heat  of 
vitreous  electricity  in  the  substance  A,  and  writes  it  aa ;  in  other 
words,  the  reversible  heat  generated  by  forcing  a  current 
u  against  the  force  0  from  a  point  at  a  temperature  ^  to  a  point 
at  a  temperature  6  +  eld  is 

jud@  =  -(Tud0 (29) 

The  value  of  a-  in  any  substance  is  therefore  (26) 


cT^=-jAe 


d/-d/^ 
dd 


=  -jX{lf^-h\)d .  ^/%-),  .     (30) 
and  similarly,  of  course,  for  crj.    Hence  (23)  obviously  follows 
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n 


Thomson's  relation   ,/n\ 


^7^  +  J-"T-=0 [>5]' 

§  3().  It  is  easy  now  to  find  the  total  electromotive  force  of 
a  complete  thermo-electric  circuit — that  is,  tlie  electromotive 
force  acting  in  a  ring  made  of  two  metals  A  and  B,  one  of  the 
junctions  being  at  a  temperature  ^j,  the  other  at  a  temj)erature 
$2  ',  for  we  have  simply  to  add  the  difference  of  the  two  Peltier 
effects  to  the  difference  of  the  two  Thomson  effects,  (23)  and 
(27),  and  we  get 

E=ni-@„-n2+0,=A(//„-//'jr'^^^^ 


-B(//,-A^)JJ'^V.    .     •     (31) 
which  is  evidently  equal  to 

'in 


-e<-^^. [17] 


as  Thomson  has  shown  it  must  be. 

It  is  evident  also  from  the  form  of  11,  viz. 

tiiat        nAB+nBc+ncD+....+nYz+nzA=o,    .    (32) 

provided  0  is  the  same  for  all — or  that  the  electromotive  force 
in  a  ring  formed  of  any  number  of  metals  all  at  the  same  tem- 
perature is  zero.  The  values  found  for  the  effects  therefore 
satisfy  all  the  conditions  laid  down  for  them. 

§  37.  So  far  I  have  written  down  the  results  of  our  hypo- 
thesis without  any  approximation  ;  but  simpler  and  nearly 
accurate  values  will  be  obtained  by  expanding  them  all  in 
series  and  taking  the  first  term  or  two,  or,  what  comes  to  the 
same  thing,  by  using  the  first  two  terms  only  of  the  expres- 
sion (5)  for  r.     Thus,  writing 

we  get  at  once  from  the  hypothesis  all  the  results  in  the  form 
given  to  them  by  Tait,  and  experimentally  verified  by  him  for 
moderate  ranges  of  temperature.  The  contact-force  at  a  junc- 
tion (22)  becomes 

n^^{A(«,-«g-B(;8o-/S'o) 

+  ^[A(«-«0-B(/3-/30]},     .     (33) 

*  The  numbers  in  square  brackets  refer  to  Thomson's  equations  so 
numbered  in  his  papers  on  "  The  Dynamical  Theory  of  Ileat.  Part  VI. — 
Thermo-electric  Currents,"  reprinted  from  the  Trans.  R.  S.  Edin.,  in  the 
-Phil.  Mag,  for  March,  April,  May,  and  June  1856. 
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which  is  of  the  form 

and  the  ueutral  temperature  of  Gumming  is 

.^X_      A(«o-a^o)-B(^o-/3g 

^"-Y~        A(«-aO-B(/3-^0   •     •     •    ^'^^^ 

"We  may  write  for  (33) 

Yl^Xd{Q,-e), (35) 

which  will  be  precisely  Tait's  form  (see  Maxwell,  p.  306)  pro- 
vided jYd  comes  out  to  be  the  difference  of  the  specific  heats 
of  electricity  in  the  two  metals  at  the  temperature  6. 
To  find  0,  one  has  from  (26) 

d(d^^Kd{x-a!)dd, 
or 

0„-iA(«-a')(^-^l),      •      .      •      (3^) 
whence,  from  the  definition  of  the  specific  heat  (29), 

similarly  >    .     .     .     .     (37) 

and  therefore,  (33),  the  condition  in  (35) 

jXe^a^-a, (38) 

is  satisfied. 

The  total  electromotive  force  in  a  thermo-electric  circuit  is 

obtained,  either  like  (31)  by  finding  Hi— Ug— ©o+©j,  or  by 

P'll  . 

forming  the  integral  1     ~wdd',  and  its  value  is 

E-rY(^i-^,){^o-K^i  +  ^2)}.       .     .     (39) 

The  law  was  originally  given  nearly  in  this  shape  by  Avena- 

rius*;  but  he  omitted  the  two  Thomson  effects,  and  consequently 

his  formula  was  erroneous.     The  above  fonn  is  that  of  Tait  f, 

who  has  verified  it  for  moderate  ranges  of  temperature. 

Tait  also  shows  that  if  Tq^  stand  for  the  temperature  6^  at 
which  two  metals  A  and  B  are  neutral  to  one  another,  and 
if  <T^  be  equal  to  hjd  (where  ^  is  a  constant),  then  must 
(^•,- Av)T,.+  (A-,-/[gT,,  +  {k-h)\,  =0. 
Now  from  (34)  and  (37) 

(^„->^-*)T„,=A(«o-a'o)-B(^o-W,       .     .     (^0) 
and  the  cyclical  sum  of  three,  or  of  any  number,  of  such  terms 
evidently  vanishes. 
University  College,  London. 

*  Pogg.  Ann.  vol.  cxix.  (186.3).  f  Proc.  R.  S.  Edin.  1870-71. 
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LXV.  Notices  respecting  Neio  Books. 
Finite  Litef/rals  and  the  Doctrine  of  Gernis,  an  Essnif  by  S.  Eaex- 
sHAw,  M.A.    Cambridge  :  printed  at  the  University  Press,  1876. 
(Pp.  32.) 

T^HE  integration  of  the  equation  F(  — ,  —,—,...  j  «  =  0,  the 

general  linear  equation  with  constant  coefficients,  is  the  sub- 
ject of  the  present  essay.  It  is  well  known  that  the  equation  is 
satisfied  b}^  the  function 

I,  m,  71  . ..  being  arbitrary  constants,  provided 

F(Z,  m,  n  .  . .  )  =  0. 

The  author  maintains  that  this  is   the  general  integral,  provided 

I,  m,  n,  .  , .  are  germs.     And  a  germ  is  a  sort  of  glorified  arbitrary 

constant,  which  he  defines  to  be  "  an  essentially  indefinite  quantity." 

But  our  author's  meaning  will  come  out  more  clearly  if  we  take  a 

. ,        ,                .        (l^u  _  (Ik- 
particular  case.     Let   us   then  consider  the  equation  -j-^ j-. 

From  what  has  gone  before,  it  follows  that  the  "  germinal "  solution 
of  this  equation  is  ^^—Qgvix+my     n\ 

This  may  be  written  in  the  form 

The  coefficient  of  each  of  the  powers  of  m  satisfies  the  equation 
and  is  a  sub-integral.  And  the  expanded  form  of  «  is  the  general 
solution,  provided  m,  m-,  ni^  ...  be  considered  as  independent  con- 
stants ;  i.  e.  the  general  integral  is 


"=c+c,.-^+c,(j4  +  f} 


With  this  understanding  as  to  the  meaning  of  m,  (1)  represents  the 
general  integral  in  a  finite  form. 

Germs,  according  to  our  author,  are  of  two  kinds  : — minor  germs, 
w  hich  are  simple  constants  added  to  the  variables  ;  major  germs, 
which  enter  the  function  in  any  other  way.  Sometimes  these 
germs  are  latent.  Thus  the  minor  germs  are  latent  in  (1);  for  if 
x-{-g  and  y  +  h  were  written  for  x  and  y,  it  would  merely  introduce 
two  factors  \Ahich  would  coalesce  with  the  arbitrary  constant.  It 
is,  however,  possible  to  put  the  general  integral  into  another  form, 
in  which  the  major  germs  shall  become  latent  and  only  the  minor 
germs  appear  explicitly.  This  form  in  the  case  of  the  above  equa- 
tion is  _  (.r4-y)2 

u  =  Q{y-\-h)-^e"4(ji^h).    (2) 

the  expressions  (1)  and  (2)  being  indifferently  the  general  integrals 
required. 

In  some  cases,  as  might  be  expected,  an  expression  containing  a 
germ  may  be  replaced  by  an  arbitrary  function  of  the  variables : 
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thus,  if  "W  is  such  a  function  and  m  a  germ,  e'"^  ig  equivalent  to 

f{W).    E.  g.  the  equation 

du  du  ,  , 

-J-  =a  —-\-hu 
aij  dx 

has  for  its  general  integral  rt=C(?''^+'»i',  where  I  and  m.  are  germs 
connected  by  the  equation  m^=a.l-\-h ;  so  that  the  general  integral 
becomes 

which  is  equivalent  to 

the  solution  in  its  usual  form.  This  brief  notice  will,  perhaps,  be 
sufficient  to  direct  attention  to  an  essay  whose  contents  are  at  least 
ingenious  and  original,  and  possibly  important. 

LXV I.  Proceedings  of  Learned  Societies. 

GEOLOGICAL  SOCIETY. 
[Continued  from  p.  475.] 
November  8th,  1876.— Prof.  P.  Martin  Duncan,  M.B.,  F.R.S., 
President,  in  the  Chair. 
T^HE  following  communications  were  read  : — 
-*-      1.  "  A  short  notice  of  a  new  exposure  of  E-hsetics  near  Not- 
tingham, in  a  letter  from  E.  Wilson,  Esq.,  F.G.S.,  dated  Xovember 
3rd,  1876,"  in  which  he  said: — 

"  Since  March  1875,  when  I  drew  public  attention  ro  the  occurrence 
of  Ehtetics  near  Stanton,  on  the  new  Midland  line  from  Nottingham 
to  Melton  (notice  whereof  has  been  already  communicated  to  the 
Geological  Societ}-),  that  section  has  not  been  any  further  exposed. 
Meanwhile  the  London  and  North-Western  Eailway  Company  are 
rendering  geological  science  a  service  by  showing  a  similar  but  more 
complete  succession  of  Ehajtics  in  a  cutting  close  to  Barnston,  on 
their  new  Bingham  branch.  Here  the  upperaiost  Keuper  marls, 
with  their  gypsum  bands,  are  succeeded  as  usual  by  the  hard  light 
blue  marls  (?  lower  Ehaetic),  12  feet  exposed.  Above  these  come 
the  '  Avicida-contorta  '  shales,  consisting  below  of  about  13  feet 
of  '  paper  shales '  with  their  variable  yeUow  sandstones  in  their 
upper  portion,  and  a  2-inch  bone-bed  replete  with  the  usual  fish 
remains  &c.  1  ft.  6  in.  from  their  base,  and  graduating  up  into  a 
series  of  more  earthy  and  thickly  laminated  dark  blue  shales,  esti- 
mated thickness  18  to  19  feet.  Odd  limestone  nodules  occur  about  the 
middle  of  this  last  series ;  and  at  from  2  to  3  feet  from  the  top  similar 
nodules  set  in,  becoming  rather  more  plentiful  upwards,  and  in  the 
highest  6  inches  forming  an  incomplete  layer.  These  Ehsetics  are 
capped  by  alternating  thin-bedded  blue  limestones  and  brown  clays 
(Lower  Lias),  10  feet  exposed :  the  lowest  limestone  of  which, 
at  the  base,  a  compact  or  concretionary  bed  from  3  to  7  inches 
thick,  contains  Modiola  minima  and  Myacites  unionides.  These 
beds  appear  to  be  the  equivalents  of  the  '  Firestones '  and  '  Guineas ' 
of  Warwickshire,  and  of  similar  beds  lately  noticed  by  Mr.  Harrison 
Fhil.  Mag.  S.  5.  Xo.  14.  Suppl.  Vol.  2.  2  N 
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uear  Leicester,  and  to  indicate  the  absence  of  the  '  ^Vhite  Lias '  at 
this  point.  The  dip  of  all  the  above  beds  is  thefcamc,  viz.  2°  to  3^  a 
little  north  of  X.E.  (the  direction  of  the  line) ;  and  there  is  no 
evidence  of  unconformity.  The  succession  is  apparently  the  same 
at  Barnston  as  on  the  Nottingham  and  Grantham  line  at  Elton, 
3tj-  miles  north-east,  between  which  i)laces  and  beyond  to  Orston 
the  AvicuJa-contorta  shales  form  a  low  but  very  clearly  defined  es- 
carpment along  their  outcrop." 

2.  "  Xote  on  the  Red  Crag."  Bv  W.  Whitaker,  Esq.,  B.A., 
F.G.S. 

The  object  of  this  paper  is  to  show  that  what  had  been  taken  to 
be  an  irregular  line  of  erosion  between  a  certain  unfossiliferous  sand 
and  the  shelly  Bed  Crag  (in  Suffolk)  was  really  a  line  of  dissolution 
of  shells,  the  sand  being  simply  Red  Crag  deprived  of  its  fossils 
through  percolation  of  water.  This  is  shown  to  be  the  case  from 
the  facts  that  in  some  places  lines  of  bedding  and  false-bedding  ex- 
tend from  the  Crag  into  the  sand,  and  that  impressions  of  Crag  shells 
are  found  in  ironstone  in  the  sand. 

3.  "  On  the  Kessingland  Cliff  section,  and  the  relation  of  the 
Forest-bed  to  the  Chillesford  Clay,  with  some  remarks  on  the  so- 
called  terrestrial  surface  at  the  base  of  the  Norwich  Crag."  By  F. 
"W.  Harmer,  Esq.,  F.G.S. 

This  paper  was  a  reply  to  one  read  before  the  Society  during  last 
session  by  Mr.  J.  Gunn,  F.G.S.,  who  affirmed  that  the  Forest^beds 
in  the  section  were  overlain  by  the  Norwich  Crag  and  Chillesford 
Clay,  TTie  author,  on  the  contrary,  gave,  in  the  first  part  of  the 
paper,  detailed  drawings  of  the  cliff,  in  which  he  represented  the 
fossiliferous  deposits  known  as  the  Kessingland  Beds  as  resting  in  a 
gorge  cut  out  of,  and  consequently  newer  than,  the  Chillesford  Clay, 
The  beds  present  in  the  section,  according  to  his  view,  are  (in 
ascending  order) : — 

1.  The  Chillesford  Clay, 

An  uustratified  blue  clay,  penetrated  by  rootlets,  shown 
occasionally  to  be  underlain  by  sand  and  gravel,  which,  with 
the  clay,  contains  mammalian  remains  and  freshwater  shells. 
,  A  lenticular-shaped  bed  of   laminated    clay    and    sand, 
with  wood  debris  at  its  base. 
,  The  Middle  Glacial  sand  and  gravel. 
The  Fpper  Glacial  or  chalky  Boulder-clay. 
In  the  2nd  part  of  the  paper  the  author  urged  that  the  stone  bed 
at  the  base  of  the  Norwich  Crag,  which  contains  marine  shells  and 
mammalian  remains,  was  not  an  old  land  surface,  as  asserted  by 
Mr.  Gimn  and  others,  but  merely  the  basement-bed  of  the  deposit 
which  overlies  it,  the  mammalian  fossils  it  contains,  which  arc  prin- 
cipally worn   and  fragmentary  portions   of  teeth,  being  derivative 
from  some  older  Tertiary  deposit,  just  as  are  the  flints  with  which 
they  are  associated  from  the  Chalk, 

4.  "  Observations  on  the  Geologv  of  East  Anglia,  &c."  Bv  S,  V. 
Wood,  jun.,  Esq.,  F.G.S.,  and  F.  W.  Harmer,  Esq.,  F.G.S.,  &c. 

The  subjects  discussed  in  this  paper  were  threefold,  viz. : — 
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1.  The  unfossiliferous  sands  of  the  Red  Crag. 

2.  The  uncouformity  between  the  Lower  and  Middle  Glacial 
deposits. 

3.  The  mode  in  which  the  Upper  and  Middle  Glacial  were 
accumulated. 

The  views  of  the  authors  under  the  first  head  were  similar  to  and 
confirmatorj'  of  those  advanced  in  the  previous  paper  by  Mr.  A\Tiit- 
aker ;  but  they  pointed  out  that  the  Red  Crag,  which  these  sands, 
in  an  altered  form,  represent,  could  not  belong  to  the  ChUlesford 
division  of  that  formation,  by  reason  of  the  casts  of  shells  which 
had  been  preserved  not  comprising  any  of  the  more  characteristic 
Chillesford  species,  and  of  their  including  among  them  forms  con- 
fined to  the  older  portions  of  the  Red  Crag.  They  also  pointed  out 
that  the  Chillesford  Clay  had  been  removed  over  all  the  area  occupied 
by  these  sands  by  denudation  prior  to  the  deposition  of  the  Middle 
Glacial,  which  rests  upon  these  sauds  wherever  they  occur.  The 
removal  of  the  Chillesford  Clay,  the  authors  consider,  was  due  in 
part,  if  not  entirely,  to  the  great  denudation  between  the  Lower  and 
Middle  Glacial,  which  gave  rise  to  the  unconformity  discussed  under 
the  second  head. 

This  unconformity  they  illustrate  by  lines  of  section  traversing 
most  of  the  river-valleys  of  Central  and  East  Xorfolk  and  Suff'olk. 
These  show  that  such  valleys  were  excavated  after  the  deposit  of 
the  Contorted  Drift,  and  out  of  that  formation  and  the  beds  under- 
lying it.  They  also  show  that  the  Middle  aud  Upper  Glacial  have 
been  bedded  into  these  valleys,  as  well  as  spread  (the  middle  only 
partiall}',  but  the  upper  more  uniformly)  over  the  high  grounds 
formed  of  Contorted  Drift  out  of  which  they  were  excavated,  and 
thus  generally  conceal  that  deposit,  which  manifests  itself  only  in 
the  form  of  occasional  protrusions  through  these  later  formations, 
but  which  they  consider  constitutes,  though  thus  concealed,  the  main 
mass  of  the  two  counties. 

The  authors  also  describe  a  glacial  bed  as  occurring  at  various 
localities  in  the  bottom  of  some  of  these  valleys,  and  which  in  one 
case  they  have  traced  under  the  Middle  Glacial.  This  they  regard 
as  having  been  formed  iu  the  interval  between  the  denudation  of 
the  valleys  and  their  subsequent  submergence  beneath  the  Middle 
Glacial  sea  ;  and  inasmuch  as  such  valley-bed  invariably  rests  on  the 
Chalk  in  a  highly  glaciated  condition,  they  attribute  its  formation 
more  probably  than  otherwise  to  the  action  of  glaciers  occupying 
the  valleys  during  an  interglacial  interval  of  dry  land.  They  also 
suggest  that,  if  this  was  so,  it  is  probable  that  the  forest  and  mam- 
maliferous  bed  of  Kessingland,  instead  of  being  coeval  with  the  pre- 
glacial  one  of  the  Cromer  coast,  may  belong  to  this  interglacial 
interval — that  is  to  say,  to  the  earliest  part  of  it,  before  the  glaciers 
accumulated  in  the  valleys,  and  when  ths  climate  was  more  tem- 
perate, any  similar  deposits  in  these  interglacial  valleys  having 
been  for  the  most  part  subsequently  ploughed  out  by  the  action  of 
the  glaciers. 
In  discussing  the  subject  under  the  third  head,  the  authors  point  out 
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the  many  pcrplexin;^  features  which  are  connected  with  the  position 
and  distribution  of  tl  o  Middle  Glacial  formation ;  and  wlule  they 
admit  that  as  to  one  or  two  of  these  the  theory  which  they  offer 
atfords  no  explanation,  they  suggest  that  the  theory  of  this  forma- 
tion's origin  which  best  meets  the  case  is  as  follows,  viz,  : — As  the 
countrs"  became  resubmcrged,  and  as  the  valley-glaciers   retreated 
before  the  advancing  sea,  the  land-ice  of  the  mountain  districts  of 
North  Britain  accumulated  and  descended  into  the  low  grounds,  so 
that  by  the  time  East  Anglia  had  become  resubmerged  to  the  extent 
of  betwceu  3i;>0  and  -400  feet,  one  branch  of  this  ice  had  reached 
the  borders  of  the  counties  of  Xorfolk,  Suffolk,  Essex,  Herts,  and 
Bedford,  ploughing  out  and  destroying  any  Lower  Glacial  beds  that 
had  been  deposited  over  the  intervening  counties  upon  which  it  rested, 
and  over  which  we  ou'^ht  otherwise,  having  regard  to  the  depth  of 
the  earlier  submergence  under  which  they  were  accumulated,  to 
find  them,  but  do  not.     The  Middle  Glacial  formation,  consisting  of 
sand  and  gravel,  they  attribute  principally  to  the  action  of  currents 
washing  out    and  distributing  the  morainic   material,   which  was 
extruded  on  the   sea-bottom  by  this  land-ice — that  ice  itself,   by 
keeping  out  the  sea  over  all  the  country  on  which  it  rested  (which 
was  then  below  the  sea-level),  preventing  the  deposit  of  the  Middle 
Glacial  in  those  parts.     The  termination  of  this  current-action  was 
accompanied  by  ii  creased  submergence,  and  by  a  gradual  retreat  of 
the  land-ice  northwrrds  to  the  mountain  districts,  until  Britain  was 
left  in  the  condition  of  a  snow-capped  archipelago,  from  which 
eventually  the  snow  disappeared  and  the  land  emerged.     To  the 
moraine  extruded  from  the  base  of  this  ice  and  into  deep  water  they 
refer  the  origin  of  the  Upper  Glacial  Clay,  the  moraine  material 
remaining  partly  in  the  position  in  which  the  ice  left  it,  and  partly 
lifted  bv  the  bergs  which  became  detached  from  the  ice.     Such  pait 
of  it  as  was  lifted  was  di'opped  over  the  sea-bottom  at  no  great  dis- 
tance from  its  point  of  extrusion  :  and  in  that  way  the  marine  shells 
occurring  in  a  seam  of  sand  in  the  midst  of  this  clay  at  Dimlington 
and    Bridlington    on   the    Yorkshire    coast  became   imbedded,  the 
mollusca  which  had  established  themselves  on  the  surface  of  this 
moraine  material  having  been  thus  smothered  under  a  lifted  mass 
of  the  same,  which  Avas  dropped  from  a  berg.     The   authors  point 
out  that  precisely  in  the  same  way  in  which  the  Middle  Glacial  is 
found  stretching  out  southwards  and  eastwards  beyond  the  Upper 
Glacial  Clay  in  Suffolk  and  in  Herts,  and  is  succeeded  by  such  clay 
both  vertically  and  horizontally,  so  does  the  earlier-formed  part  of 
the  Upper  Glacial  Clay,   or  that  with  chalk  debris,  stretch  south- 
wards beyond  the  later-formed  part,  or  that  destitute  of  such  debris, 
and  is  succeeded  by  it,  both  vertically  and  horizontally.     This,  they 
consider,  shows  that  the  Middle  and  Upper  Glacial  deposits,  which 
constitute  an  unbroken  succession,  were  due  to  the  gradually  re- 
ceding position  of  the  land-ice   during  their  accumulation,  the  se- 
quence being  terminated  with  the  Moel-Tryfaen  and  Macclesfield 
gravels,    which   were    accumulated    during  the   disconnexion    and 
gradual  disappearance  of  the  ice,  and  while  the  land  still  continued 
deeply  submerged. 
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ON  A  NEW  DYXAMOMAGNETIC  PHEXOMEXOX.       BY  MM.  TREVE 
AXD  DURASSIEE. 

T  ET  a  horse-shoe  magnet  of  any  length  be  covered  on  one  face 
■^-^  mth  varnish,  or,  better,  with  a  strip  of  glass.  If  a  cvliuder  of 
soft  iron  be  placed  upon  its  neutral  part,  the  cylinder  will  begin  to 
move  toward  the  poles,  which  it  reaches  in  a  time  which  is  of 
course  a  function  of  the  weight  of  the  cylinder  and  the  coercive 
force  of  the  magnet. 

The  magnetic  attraction,  therefore,  is  here  exerted,  not  in  the 
limited  field  which  has  been  recognized  for  it,  but  over  the  whole 
extent  of  the  magnet. 

Hence  results  a  new  mode  of  valuing  magnetic  force,  h>j  the 
mechanical  ivork  which  it  has  performed.  The  product  of  the 
weight  of  the  iron  moved,  multiplied  by  the  space  passed  through, 
divided  by  the  time  elapsed,  will  be  the  precise  measure  of  this 
magnetic  force.  If,  for  example,  the  force  be  determined  for  three 
large  and  three  small  magnets,  identical  in  shape  and  weight,  and 
containiug  respectively  0"25,  O'o,  and  1  per  cent,  of  carbon,  it  will 
perhaps  be  possible  to  define  the  unit  of  magnetic  force  ("  the 
maijnetii "),  and  fix  its  equivalence  in  kilogrammetres. 

We  had  made  great  efforts  to  determine  the  magnetic  conduc- 
tivity of  steels  in  proportion  to  their  content  of  carbon  ;  but  the 
want  of  a  rigorous  mode  of  valuation  of  magnetic  forces  had  always 
prevented  us.  The  phenomenon  above  described  will  fill  the  gap 
and  permit  us  to  accomplish  this  important  purpose.  We  must 
here,  however,  indicate  the  course  we  have  followed. 

If,  for  instance,  a  steel  ^ith  1  per  cent,  carbon  be  taken,  of  our 
first  series  of  Creusot,  it  is  known  that  its  coercive  force  is  ap- 
proximately 47  degrees  on  the  compass. 

Let  us  place  it  in  an  induction-coil,  like  an  ordinary  electro- 
magnet, giving  to  the  coil  the  proportions  of  length,  section,  wire,  etc. 
fixed  by  the  formidas  of  M.  du  Moncel  for  the  purpose  of  obtain- 
ing a  maximum  of  magnetic  power,  and  send  through  it  a  strong 
current  in  the  wished-for  direction.  Under  these  conditions  the 
magnet  gives  no  longer  47,  but  64  degrees.  If  47  and  64  were 
absolute  numbers,  one  could  say  that  the  magnet  A^  has  47  of 
permanent  magnetism,  but  can  take  64  in  the  temporary  state. 
64  would  represent  the  ma(jnetic  cajjaclti/  of  the  magnet  with  1  per 
cent,  carbon — that  is  to  say,  the  maximum  of  magnetism  which  it  is 
capable  of  receiving.  The  difference  between  64  and  47  would 
give  the  magnetic  conductivity. 

Xow  let  the  extreme  steel  of  the  series  be  E,  with  0-25  per  cent, 
of  carbon.  Its  coercive  force  is  13.  If  to  it  be  applied  the  same 
coil  as  to  A^.  since  they  are  identical  in  form  and  weight,  its  magnetic 
capacity  is  found  to  be  69.  The  difference  between  69  and  13 
would  be  the  magnetic  conductivity  of  the  steel  with  0*2.5  per  cent, 
of  carbon. 
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We  have  operated  in  the  same  manner  for  B,,  C,,  D,,  and  have 
drawn  up  the  following  Table  : — 

Coercive  Force.  Magnetic  Capacity. 

A,     47  04 

B,     45  66 

C,     42-5  67 

D,     33-5  68 

Ej     13  69 

The  magnetic  capacity  of  soft  iron  of  the  same  form  and  weight 
was  71. 

These  approximate  relations  show  how  important  it  was  to  seek 
out  a  method  of  rigorous  measurement  of  magnetic  power. — 
Comptes  Rendus  de  VAcademie  des  >Sciences,  Nov.  9,  1870,  tome 
Ixxxiii.  pp.  857,  858.  

OK  SOME  REMARKABLE  PHENOMENA  IN  GEISSLER  TUBES.  BY 
PROF.  E.  REITLINGER  AND  A.  YON  URBANITZKY. 
Having,  at  the  commencement  of  July  last,  made  preparation 
for  continuing  our  experiments  with  the  aid  of  a  Geissler  mercury 
air-pump,  we  filled  so-called  Wiillner  tubes  with  diiferent  gases, 
and  first  investigated  afresh  the  conversion  of  attraction  into  re- 
pulsion by  a  higher  degree  of  rarefaction.  The  experiments  were 
made  with  air,  nitrogen,  oxygen,  hydrogen,  and  carbonic  acid. 
They  established  that,  with  all  these  gases,  between  4  and  12 
millims.  pressure  the  electrical  luminous  column  is  attracted,  but 
at  about  2-1  millim.  it  is  repelled.  Between  the  two  phenomenSr 
there  is  an  intermediate  stage,  in  which  neither  attraction  nor  re- 
pulsion is  perceptible.  For  the  first  occurrence,  however,  of  per- 
ceptible repulsion  it  was  the  less  possible  to  find  with  the  different 
gases  one  and  the  same  degree  of  rarefaction,  as  the  repulsion  and 
attraction  proved  to  be  dependent  on  the  intensity  of  the  current, 
and,  for  example,  a  luminous  column  which  showed  itself  indif- 
ferent to  the  tiuger  was  caused  distinctly  to  recede  from  the  finger 
by  the  insertion  of  a  resistance.  Xow  since  the  gases  in  the  tube 
themselves  offer  different  degrees  of  resistance,  we  had  to  take 
into  account  at  the  same  time  the  intensity  of  the  current,  in 
order  to  render  the  data  comparable.  The  latter  has  been  found 
to  exert  the  greatest  influence  ;  yet  up  to  the  present  time  we  have 
only  numerous  results  to  communicate  at  the  proper  time  respect- 
ing that  influence,  but  have  ascertained  no  general  law  for  it :  this 
we  shall  endeavour  to  discover.  If  rarefaction  be  continued  below 
1  millim.,  in  all  the  cases  which  we  have  observed,  layers  are  pro- 
duced as  the  rarefaction  proceeds,  of  little  breadth  and  constant  in 
position  so  far  as  our  observation  extends,  which  either  do  not 
retreat  before  the  finger  at  all,  or  only  when  the  induction-current 
is  very  much  weakened  by  the  insertion  of  resistances.  In  con- 
sequence of  this  circumsiance  the  repulsion  exhibits  a  certain 
maximum  during  the  rarefaction,  which  again  diminishes  when  the 
rarefaction  is  carried  still  further.  A  portion  of  the  experiments 
were  made  with  a  somev\hat  wider  tube  without  any  capillary  part, 
which  thus  was  in  a  certain  sense  intermediate  between  the  Geissler 
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tubes  and  the  so-called  electrical  egg.  Already,  when  using  also 
the  double-barrelled  valve  air-pump,  we  had  experimented  with  an 
electrical  egg  and  atmospheric  air  and  seen  a  distinct  recession  of 
the  visible  luminous  swell  in  the  centre  of  the  egg  as  the  hand  was 
brought  nearer  tVom  a  distance.  With  five  or  more  centims.  dis- 
tance between  the  hand  and  the  glass  wall  of  the  egg  the  retreat 
was  very  erident ;  but  on  the  glass  being  touched,  it  was  chano-ed 
into  an  attraction,  at  least  in  appearance.  "WTien  we  experimented 
with  the  Geissler  air-pump  and  the  wide  tube  above-mentioned, 
there  appeared  first,  when  the  iuductiou-eurrent  passed  through  in 
the  usual  manner,  altogether  similar  phenomena  as  in  Wiillner's 
tubes  ;  in  particular  here  also  with  greater  rarefaction  the  attrac- 
tion changed  into  repulsion.  But  the  most  striking  repulsions 
were  obtained  when  only  one  pole  of  the  Euhmkorff  apparatus  was 
connected  with  one  of  the  wire  electrodes  of  the  tube,  and  the 
other  was  led  away  to  earth.  In  this  case  a  luminous  appearance 
was  perceptible,  which,  of  course,  shone  brighter  onlv  ^vith  a 
higher  degree  of  rarefaction ;  but  it  then  exhibited  the  repulsion- 
phenomenon  especially  distinct  and  with  a  distance  of  several 
centims.  between  the  hand  and  the  glass  tube.  Its  appearance 
was  essentially  different,  according  as  the  positive  or  the  negative 
pole  of  the  induced  open  current  was  connected  with  the  wire ; 
and  the  strength  of  the  repulsion  was  also  in  the  latter  case  much 
more  considerable  than  in  the  former.  This  repulsion  increased 
as  the  rarefaction  was  pushed  further,  and  was  most  intense  at 
the  highest  degree  of  rarefaction  attained,  about  0-2  millim.  The 
singularly  favourable  result  of  this  experiment  induced  us  to  put 
the  wire  electrode  of  the  tube  into  conducting  connexion  with  the 
conductor  of  a  two-disk  "Winter  electrical  machine  :  and  in  this 
case  also,  with  very  strong  rarefaction,  the  positive  luminous  tvdt 
was  seen  to  recede.  Experiments  for  the  purpose  of  testino^  the 
principal  inferences  suggested  by  the  phenomena  with  the  unclosed 
current  are  already  in  preparation.  This  may  also  be  the  place  to 
mention  that  in  none  of  the  cases  investigated  by  us  did  an  ebonite 
plate  when  brought  near  attract  or  repel. 

The  striking  similarity  \\hich  is  shown  between  the  luminous 
phenomenon  in  the  unclosed  ciu-rent  vrith  great  rarefaction  and 
the  figures  of  comets,  and  the  great  distance  at  which  in  this  case 
the  repulsion  of  the  approaching  conductor  yet  acts,  reminded  us 
afresh  of  the  question  (touched  upon  in  our  first  communication) 
whether,  in  the  repulsion  under  considerarion,  we  have  not  to  do 
with  that  very  force  which  makes  the  tails  of  comets  recede  from 
the  sun.  That  the  degrees  of  rarefaction  at  which  the  best  results 
are  here  obtained  lie  near  0-2  millim.  is  only  favourable  to  such  an 
assumption.  Further,  in  those  Geissler  tubes  in  the  collection  of 
the  Second  Physical  Lehrkanzel  in  which  the  recession  of  the 
electrified  luminous  gas-columns  before  the  approaching  conductor 
was  first  observed,  the  light  which  appeared,  when  examined  with 
the  spectroscope,  showed  distinctly  upon  a  less-bright  baekoround 
those  three  spectral  bands  which  the  spectroscope  exhibited  also 
in  the  flame  of  illuminating-gas,  and  which  are  usually  designated 
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as  a  carbon-spectrum,  but  whicb,  according  to  Yogel,  have  likewise 
forined  the  spectrum  of  comets.  Moreover,  if  it  be  remembered 
that  the  repulsion  in  question,  in  itself,  requires  from  the  repelling 
body  only  the  conducting  quality,  and  not  any  free  positive  or 
negative  electricity,  the  expectation  will  not  be  considered  un- 
warranted that  these  experiments  will  be  of  importance  for  the 
electrical  theory  of  the  tails  of  comets  and  tlieir  repulsion — a 
theory  to  which  several  distinguished  astronomers  have  already 
turned  their  attention. 

In  several  tubes  even  at  a  pressure  of  20  millims.  (at  which  the 
observations  commenced)  distinct  strata  appeared;  and  while  the 
rarefaction  was  then  continued  the  connexion  between  the  number 
of  the  strata  and  the  rarefaction  could  be  proved.  It  came  out 
that,  so  long  as  the  chemical  quality  of  the  luminous  gas-columns 
and  all  the  other  circumstances  except  the  density  could  be  taken 
as  unchanged,  the  )iumher  of  the  strata  diminisJws  in  the  ratio  of  the 
rarefaction,  or,  in  other  terms,  that  the  interval  from  the  centre  of 
one  bright  stratum  to  that  of  the  vext  increases  proportionately  to  the 
rarefaction.  This  law  may  be  expected  to  hold  good  either  strictly 
or  at  least  very  approximately  ;  tor  it  appeared  correct  so  far  as 
our  observation  extended.  The  intensity  of  the  current,  too,  has 
a  great  influence  iipon  the  number  and  clearness  of  the  strata; 
indeed,  by  altering  it  stratified  can  be  changed  into  unstratified 
light,  and  the  converse.  By  further  investigations  we  shall  pro- 
bably obtain  data  enabling  us  here  also  to  state  a  simple  normal 
relation.  The  conjecture  expressed  in  our  first  communication  on 
the  phenomena  in  question,  that  the  magnet  increases  the  number 
of  the  strata  by  condensation,  is  now  verified  by  the  observed  in- 
crease of  the  strata  proportionate  to  the  density. 

It  \^as  mentioned  in  our  second  communication,  that  when  the 
tube  was  filled  with  oxygen  the  so-called  dark  space  appeared  in 
grey-green  light.  This  nebulous  grey-green  light  we  have  ob- 
tained, by  the  employment  of  the  Geissler  air-pump  after  filling 
with  oxygen,  in  the  entire  Wiillner  tube  \\\\\\  the  sole  exception 
of  the  capillary  pai't,  and  found  it  accompanied  by  a  very  vivid 
brilliance.  The  observations  made  on  this  occasion  would  agree 
better  with  Sarasin's  than  with  Morren's  explanation  of  brightly 
luminous  Greissler  tubes.  We  must  reserve  the  details  for  a  sub- 
sequent full  communication,  as  weW  as  those  of  the  experiments 
of  \Ahich  the  chief  results  have  now  been  described,  and  also  the 
numerous  more  or  less  important  collateral  phenomena  observed, 
such  as — that  the  grey-green  light  in  oxygen-tubes  is  neither 
attracted  nor  repelled,  that  on  the  rarefaction  being  increased  a 
bright  spiral,  wound  round  the  positive  wire  electrode,  is  developed, 
that  at  the  ti])  of  this  electrode  a  very  bright  starlike  point  makes 
its  appearance  on  filling  the  tube  with  a  carbon  compound,  that 
the  yellow-green  light  in  the  glass,  ^hich  we  mentioned  in  the  first 
communication,  constantly  accompanies  the  higher  degrees  of 
rarefaction,  that  in  very  many  cases  the  so-called  dark  space  is 
absent,  that  the  current,  long  continued,  has  an  analyzing  effect, 
&c. — Kaiserliche  Akademie  cler  Wissenschaften  in  Wien,  math.- 
naturw.  Classe,  Oct.  12,  1876. 
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